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THE  SYSTEM  OF  ATOMS* 


G.  P.  Maitak 


I.  General  Regularities 

At  the  present  time,  when  making  a  general  survey  of  all  the  known  stable  and  radioactive  atoms,  use  is 
made  of  diagrams  whose  coordinates  represent  the  atomic  number(  A)  and  the  nuclear  charge  (Z)  or  magnitudes 
derived  from  these.  Use  is  frequently  made  [1]  of  a  diagram  in  which  the  coordinates  are  nuclear  charge  and  iso¬ 
topic  numbu:(  the  latter  is  the  difference  between  the  atomic  number  and  the  doubled  charge  of  the  nucleus),  thL 
was  proposed  by  Harkins [2]  as  a  "periodic  of  atomic  species*.  In  these  diagrams  the  atoms  with  even  Z  were  not 
segregated  from  those  with  odd  Z.  The  system  of  atoms  is  more  fully  displayed  by  the  enclosed  table  in  which  the 
atoms  with  even  and  odd  Z  are  segregated  from  one  another. 

Evenness  and  oddness  of  Z  also  plays  a  part  in  Mendelleev’s  periodic  system  of  the  chemical  elements,  but 
in  the  system  of  atoms  its  significance  is  greater.  It  suffices  to  refer  to  the  experimental  laws  established  by  G. 

Oddo,  W.D.  Harkins,  S.  A,  Shchukarev  and  others  [3].  In  the  studies  of  G.  Beck,  H.L.  Johnston,  F.  S.  Sarkisov  and 
others  [4]  on  systematics,  die  atoms  within  a  given  group  have  one  type  of  nuclear  charge(even  or  odd)  and  con¬ 
stant  isotopic  number. 

In  the  appended  table  the  segregation  of  atoms  with  even  and  odd  Z  in  the  system  of  atoms  acquires  the  same 
fundamental  significance  as  does  the  division  into  even  and  odd  series  in  D.I.  Mendeleev's  periodic  system  of  the 
chemical  elements.  Mendeleev  either  separated  the  elements  into  even  and  odd  series,  expressing  the  periodic  law 
in  the  form  of  a  long  table,  or  put  them  into  subgroups  and  imparted  to  the  law  the  form  of  a  short  table.  Men¬ 
deleev  s  table  can  be  regarded  as  composed  of  two  tables  —  an  odd  and  even  —  which  are  split  up  in  the  long  table 
and  inserted  one  in  the  other  in  the  short  table,  but  in  such  a  way  that  the  elements  of  the  even  and  odd  series  pre¬ 
sent  in  one  group  are  transferred  to  the  subgroup. 

The  known  regularities  of  properties  of  atoms  entitle  us  also  to  regard  the  known  diagrams  of  atoms  ( mention - 
ed  above)  as  composed  of  two  diagrams  —  odd  and  even  —  depending  upon  the  Z.  In  the  known  forms  of  diagrams 
they  are  inserted  one  in  the  other  but  in  such  a  manner  that  the  atoms  of  even  and  odd  Z  are  not  displaced;  there¬ 
fore  the  appended  table  of  a  "system  of  atoms",  ii,  which  the  even  and  odd  atoms  are  segregated,  is  a  more  pene¬ 
trating  representation  of  periodicity.  Its  advantage  is  likewise  the  tabular  form,  which  was  adopted  since  the  ex¬ 
periment  of  Mendeleev's  periodic  system  of  the  chemical  elements  had  demonstrated  [6-8]  the  advantage  of  that 
table  over  various  graphs  and  diagrams. 

The  structure  and  content  of  the  table  of  the  "system  of  atoms"  (for  brevity  this  will  be  subsequently  refeired 
to  simply  as  the  table  or  the  system)  are  explained  by  the  accompanying  text. 

In  the  table  and  in  the  diagram  mentioned  above  [1]  the  stable  atoms  are  bounded  by  radioactive  atoms.  The  out¬ 
er  border  of  the  bands  of  the  table  comprise  atoms  that  emit  electrons,  and  the  inner  border  atoms  that  emit  posi¬ 
trons;  therefore  in  all  groups  in  which  there  are  no  zones  of  relative  stabilization,  proceeding  downwards,  i.e.  in  the 
direction  of  increasing  Z,  also  in  the  band  of  even  Z  from  right  to  left  and  in  the  band  of  odd  Z  from  left  to  right, 
i.  e.  in  the  direction  of  falling  group  number,  at  first  we  get  6~  -radioactive  atoms,  then  stable  atoms,  and  finally 
3  -  and  (for  heavy  atoms) a  -radioactive  atoms. 


•  The  usual  name  -system  of  atomic  nuclei*’ sis  less  acceptable.  The  other  known  term  -system  of  isotopes"  relates 
on  the  basis  of  the  definition  of  isotopes  to  atoms  of  one  element  and  to  regularities  in  the  pleiads. 

*  *  This  table  appears  as  a  wall-chart  and  cannot  be  reproduced  by  Consultants  Bureau, 
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Fig.  1.  Boundaries  of  stable  atoms  along  the  groups  of  the  band  of  even  Z.  1)  upper  boundary:  lowest  Z  in  group  at 
which  an  atom  is  stable;  2)  lower  boundary:  highest  Z  in  the  group  at  which  an  atom  is  stable. 

But  in  the  distribution  of  the  stable  and  radioactive  atoms  and  in  the  regularities  of  their  properties  along  the  axes 
of  die  coordinates  in  the  table  and  in  the  diagram  of  [1],  there  is  also  a  marked  difference.  It  is  caused  by  the  asymme¬ 
try,  which  is  noticeable  side  by  side  with  die  similarity,  of  the  right  and  left  bands  of  the  table.  In  the  right-hand  band 
of  the  table  the  stable  atoms  form  a  dense  field  not  split  up  by  radioactive  atoms  (Fig.  1).  In  the  left-hand  band,  how¬ 
ever,  the  number  of  stable  atoms  is  considerably  smaller,  and  small  groups  of  them  and  some  isolated  members  are  sep¬ 
arated  from  one  another  by  radioactive  atoms  (Fig.  2);  also  in  the  diagram  of  [1],  therefore,  which  is  constructed  by  com¬ 
bination  of  the  right  and  left  bands  of  the  table,  the  stable  atoms  do  not  form  a  dense  field  but  are  interspersed  with  a 
radioactive  atoms. 

The  general  direction  of  the  stable  atoms  is  expressed,  as  seen  from  Figs.  1  and  2,  by  an  equality  of  the  hyper¬ 
bolic  type,  but  the  boundaries  of  the  field  of  the  stable  atoms  in  the  band  with  even  Z  have  conspicuous  troughs  and 
peaks  due  to  the  special  zones  of  stabilization  in  the  system  of  atoms.  > 

The  table  and  Figs.  1  and  2  also  show  that  the  range  of  values  of  Z  within  which  the  atoms  are  stable  is  greater 
with  even  Z  in  the  even  groups,  while  with  odd  Z  it  is  greater  in  the  odd  groups.  In  the  band  of  even  Z  in  each  even 
group  the  upper  boundary  of  the  stable  atoms  is  in  the  region  of  lower  values  of  Z,  and  the  lower  boundary  is  in  the  re¬ 
gion  of  higher  values  of  Z  than  in  the  neighbouring  smaller  and  larger  odd  groups.  This  regularity  is  also  observed  in 
the  change  of  the  lower  boundaries  of  the  g— -radioactive  atoms  and  of  the  upper  boundaries  of  the  6  -radioactive  atoms 
when  passing  along  the  groups  of  the  right-hand  band  of  the  t  able  (Fig.  3).  The  converse  is  the  case  in  the  distribution 
of  the  stable  atoms  and  in  the  boundaries  of  the  0 -radioactive  atoms  in  passing  along  the  groups  of  the  left-hand  band 
(odd  Z)  of  tlie  table  (Figs.  2  and  4). 

The  diagram  of  [1],  in  which  the  right  and  left  bands  of  the  table  are  combined,  natuially  could  not  reveal  these 
regularities.  ^ 

A  similar  regularity  is  observed  in  the  change  throughout  the  groups  of  the  table  of  the  abundance  of  the  atoms; 
as  already  reported  [2,  11],  the  abundance  is  a  function  of  the  evenness  or  oddness  of  their  isotopic  number  and  their 
mass  in  the  case  of  even  and  odd  Z. 


1780 


8 


/Z  ti  20  28  32  36  40 


Fig.  2.  Boundaries  of  stable  atoms  along  groups  of  band  with  odd  Z. 

1)  upper  boundary:  lowest  Z  in  group  at  which  an  atom  is  stable:  2)  lower  boundary;  highest  Z  in  group  at  which 
atom  is  stable. 

These  regular  changes  of  properties  of  atoms  through  the  groups  of  the  table  are  caused  by  a  corresponding 
change  of  the  stability  of  the  atoms  through  the  groups.  This  is  evident  on  comparing  these  regularities  with  the 
changes  in  the  mass  defects  of  the  atomic  nuclei  in  passing  along  the  groups  of  the  table.  With  a  few  exceptions 
the  bond  energy  of  nuclear  particles  in  the  band  of  even  Z  values  is  greater  in  the  even  groups  than  in  the  neigh¬ 
bouring  odd  groups,  while  in  the  band  of  odd  Z  values,  conversely,  the  energy  is  greater  in  the  odd  groups  than  in 
the  neighbouring  even  groups.  Judging  by  the  magnitudes  of  the  total  defects  of  masses  of  the  nuclei  A  (determined 
as  the  difference  between  the  mass  of  the  individually  taken  neutrons  and  protons  constituting  die  nucleus  and  its  ex¬ 
actly  measured  mass),  this  regularity  is  not  very  conspicuous.  It  is  better  appreciated  from  the  change  from  group  to 
group  of  the  table  of  the  ratio  of  the  mass  defect  of  the  nucleus  to  the  mass  number .  A/  A,  the  mass  defect  of  the 
nucleus  per  nucleon.  However,  even  in  changes  of  mass  defects  by  1  nucleon,  this  regularity  is  manifested  only  in 
light  nuclei,  while  in.  heavier  nuclei  it  is  insig  ificant.  Moreover  the  observed  serrated  character  of  the  boundaries 
of  the  stable  and  the  0  -radioactive  atoms  from  group  to  group  of  the  table,  bound  up  with  a  similar  course  of  the 
change  of  their  stability  through  the  groups,  is  clearly  reflected  (see  Figs.  1-4)  also  in  the  region  of  heavier  atoms. 

This  is  because  the  difference  in  the  stability  of  each  of  the  two  isotopes  in  neighbouring  groups  of  one  series  is  gov¬ 
erned  by  the  mass  defect,  and  the  latter  in  turn  is  governed  by  the  addition  of  one  neutron,  while  for  calculation  of 
the  ratio  A/ A  this  mass  defect  is  spread  over  all  the  nucleons  of  the  nucleus,  and  therefore  in  heavier  nuclei  (in  which 
the  number  of  nucleons  is  large.)  this  difference  is  no  longer  reflected  by  the  magnitudes  of  A/  A.  But  the  difference  in 
the  total  mass  defects  of  nuclei  of  each  of  the  two  isotopes  in  neighbouring  groups  of  one  series  equal  to  the  mass  de¬ 
fect  brought  about  by  addition  of  the  last  neutron  to  the  nucleus  of  each  prededing  group  with  formation  of  the  nucleus 
of  each  given  group  of  the  same  series  actually  changes  from  group  to  group  of  the  table  right  down  to  the  heaviest 
nuclei  for  which  the  mass  of  the  atoms  is  known  accurately,  in  complete  correspondence  with  the  described  other  changes 
in  nuclear  properties  along  the  groups.  In  the  band  with  even  Z  (Fig.  5)  the  mass  defect  of  each  nucleus  of  each  _ 
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Fig.  3.  Lower  boundaries  of  the  0“ -radioactive  and  upper  limits  of  tfie  0^  -radioactive  atoms  along 
the  groups  of  the  band  with  even  Z. 

1)  Lower  boundary  of  0— -radioactive  atoms  in  the  group:  highest  Z  in  the  group  at  which  an  atom 
IS  0  “radioactive;  2)  upper  boundary  of  0  -radioactive  atoms  in  the  group:  lowest  value  of  Z  in 
the  group  at  which  an  atom  is  0  -radioactive. 

the  mass  defect  of  the  succeeding  nucleus  of  the  same  series  present  in  the  odd  group  exceeds  its  mass  defect.  Con¬ 
versely  in  the  band  of  odd  Z  values  (Fig.  6),in  the  majority  of  cases  the  mass  defect  of  each  given  nucleus  of  each 
odd  group  exceeds  the  mass  defect  of  the  preceding  nucleus  of  the  same  series  present  in  the  even  group, by  a  great¬ 
er  amount  than  the  mass  defect  of  the  succeeding  nucleus  of  the  same  series  present  in  the  even  group  exceeds  its 
mass  defect. 

The  properties  of  the  atoms  also  change  in  a  regular  manner  in  the  Vertical  direction  in  the  groups  of  the  table 
from  series  to  series. 

On  arranging  the  atoms  of  equal  values  of  A—  2*  Z  in  the  order  of  increasing  Z.  without  segregation  of  even 
and  odd  Z  as  in  the  aforementioned  diagram  of  [1],  the  stable  atoms  frequently  alternate  with  radioactive  atoms, 
while  in  the  case  of  radioactive  atoms  the  half-life  period  and  the  energy  of  the  pniitted  particles  do  not  change 
nionomr.’cally.  In  contrasl  wiili  this,  iii  the  groups  of  the  table,' the  stable  6  '  -  iurJ  D  Morr.s  are  notirixed, 

but  form  uniform  aggregates  of  respectively  the  middle,  upper  and  lower  series  of  the  groups.  The  only  exceptions 
are  in  six  groups  of  the  band  of  even  Z  and  in  four  groups  of  the  band  of  odd  Z  in  which  the  uniformity  of  the  com- 
nonents  of  the  radioactive  atoms  is  upset  by  the  stability  ofCa^,  SeJJ,  Krl®,  Basil  Xe||?  Smg^  NdJo?  Sm^J  V||,Pr59,^ 

Las7?  LasT?  But  this  is  because  the  atoms  in  question  occur  in  special  stabilization  zones.  Outside  these  special 
zones  the  groups  of  the  table  are  characterized  by  regularity  not  only  of  distribution  and  uniformity  of  components 
of  the  stable  and  radioactive  atoms,  but  also  of  the  properties  of  the  atoms  in  the  groups.  Thus,  within  the  limits 
of  each  group  the  half-life  period  falls  off,  while  the  maximum  energy  of  the  emitted  particles  increases  in  the 
case  ofB— -radioactive  atoms  from  bottom  to  top  in  the  direction  of  decreasing  Z.  and  in  the  case  of  0  -radioac¬ 
tive  atoms  from  top  to  bottom  in  the  direction  of  increasing  Z.  In  some  groups  these  changes  are  satisfactorily  form¬ 
ulated  by  simple  expressions.  Thus,  for  example,  the  maximum  energy  of  the  positrons  emitted  by  radioactive  atoms 
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Fig.  4.  Lower  boundaries  of  0- -radioactive  atoms  and  upper  limits  of  0^- radioactive  atoms 
along  the  groups  of  the  band  with  odd  Z. 

It)  lower  boundary  of  C  --  -  radioactive  atoms  in  the  ^roup;  highest  Z  in  the  group  at  which 
an  atom  is  0- -radioactive;  2)  ugper  boundary  of  0  -radioactive  atoms  in  a  group:  lowest 
Z  in  group  at  which  an  atom  is  0  -radioactive. 

of  grou/s  -  1  and  zero  of  odd  Z  and  of  groups  -  1  and  5  of  even  Z  is  expressed  respectively  by  the  following  linear  func¬ 
tions  of  Z,  the  coefficients  of  which  were  determined  from  experimental  values  of  the  maximum  energy  by  the  meth¬ 
od  of  least  squares:  E  =  0.2680  •  Z- 0.4799,  E  =  0.5093 -Z-S. 8797,  E  =  0.2846  •  Z- 0.6057,  E  =  0.2155  •  Z-6.0241. 

For  0  -radioactive  atoms  of  groups  —  2,  —  1,  1  and  5  of  the  band  with  even  Z  and  those  of  group  —  1  with  odd  Z,  the 
product  of  the  half-life  period  and  the  fifth  power  of  the  maximum  energy  of  the  emitted  positrons  scarcely  varies 
within  a  group. 

A  study  of  the  general  regularities  of  the  table  of  the  system  of  atoms  also  revealed  that  in  all  the  groups  the 
bands  with  even  Z  (N  =-2,-1,  0,1,  2,  3,  4,  5,  6,  8)  and  odd  Z  (N  =-l,  0,  1,  2,  3)  in  which  there  are  more  than  two 
atoms  whose  masses  have  been  accurately  measured  [12]  up  to  the  time  of  the  present  investigation,  the  magnitudes  of 
the  total  mass  defects  of  the  nuclei  A  are  approxinriiely  ii  lii-err  dependence  on  Z  within  a  given  group;  we  may  there¬ 
fore  suggest  that  this  is  a  general  law.  On  the  basis  of  this  law,  group  empirical  equations  were  obtained  for  calcula¬ 
tion  of  the  masses  of  atoms  in  the  groups  of  the  table;  these  expressions  give  approximately  parallel  straight  lines  equi¬ 
distant  from  one  another  and  therefore  reduce  to  more  general  equations  [13].  These  equations  are  cited  in  the  table. 

11  Zones  of  Stabilization 

Atoms  ',/hose  properties  deviate  from  the  general  laws  described  above  for  the  groups  and  series  of  the  table 
form  zones  of  stabilization  in  the  system  of  atoms. 

Most  of  these  deviations  are  caused  by  three  out  of  the  four  zones  of  stabilization,  and  these  lead  to  a  peak  in 
the  upper  and  a  trough  in  lower  boundaries  of  the  stable  atoms  of  the  even  groups  of  the  right-hand  band  of  the  table 
(Fig.  1).  In  the  table  the  assemblies  of  atoms  encompassed  by  these  zones  are  separated.  A  characteristic  feature  is  the 
concordance  of  those  data  about  these  zones  that  give  the  boundaries  of  the  stable  and  0 -radioactive  atoms  in  the  groups 
of  the  table,  the  half-life  period  of  the  radioactive  atoms,  the  abundance  of  stable  atoms  and  the  position  of  the  most 
abundant  atoms  of  groups  and  series. 
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A  A—  1 

Fig.  5,  Mass  defect  on  formation  of  nucleus  by  addition  of  one  neutron  to  nucleus  X;^  in  the 

A  A- 1 

case  of  even  Z  (difference  of  the  total  mass  defects  of  nuclei  X£  and  Xz  in  the  case  of  even  Z), 


A  A- 1 

case  of  odd  Z  ( difference  of  the  total  mass  defects  of  nuclei  Xz  and  Xz  in  the  case  of  odd  Z). 

All  these  properties  point  to  a  zone  of  stability  in  the  direction  from  Ni|j  to  CajJ .  The  stability  of  these  atoms 
results  in  the  first  peak  of  the  upper  boundary  (N  =  8)*  and  the  oppositely  situated  (in  the  direction  of  the  broken  curve 
of  Fig.  1)  trough  of  the  lower  (N  =  2)  boundary  of  the  stable  atoms  of  the  even  groups  of  the  band  with  even  Z.  They 
also  indicate  the  deviation  from  mon<^tonic  change  in  the  groups  of  the  table  of  the  half-life  period  of  radioactive  atoms. 
In  the  7th  group,  in  passing  from  Nr,g  to  CrU  the  half-life  period  decreases,  but  subsequently,  in  passing  to  Ti|j,  it  does 
not  decrease  but  increases,  and  it  is  still  high  at  although  shorter  than  in  the  case  of  Ti*^.  In  the  9th  group  Ca^o 


•  Here  and  in  subsequent  similar  cases  the  reference  is  to  the  number  of  the  group  in  the  table  of  a  system  of  atoms  j 

as  well  as  to  the  axis  of  the  abscissas  of  Fig.  1. 
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has  the  same  half-life  period  as  the  atom  of  Ni^,  which  is  considerably  more  distant  from  it,  whereas  in  the  groups 
lacking  special  zones  the  half-life  period  changes  more  rapidly  with  change  of  Z.  In  the  case  of  the  6  -radioac¬ 
tive  atoms  of  the  1st  group,  the  half-life  period  at  first  falls  in  the  direction  of  heavier  atoms  but  later,  on  transi¬ 
tion  to  Ni|J  (located  in  this  zone),  it  increases  sharply.  In  the  3rd  group  on  passing  from  Crf^  to  Fe|j  and  Ni||  (pre¬ 
sent  in  this  zone),  the  half-life  period  does  not  fall,  and  only  in  the  case  of  the  succeeding  atoms  in  conformity  with 
the  general  law  does  it  fall.  In  complete  harmony  with  what  has  been  said,  the  indications  of  this  and  other  zones  of 
stabilization  give  changes  in  the  abundance  of  stable  atoms  and  once  again  illustrate  the  relation  between  abundance 
and  stability  of  atoms.  The  predominating  atom  of  the  8th  group  is  NifJ.  The  special  position  of  CalJ  in  the  abun¬ 
dance  data  results  in  its  abundance  being  considerably  greater  than  that  of  the  remaining  atoms  of  this  group  which 
includes  those  atoms  closer  to  Ni|g.  In  the  case  of  the  atoms  of  the  second  group  positioned  in  the  table  in  the  down¬ 
ward  direction  starting  from  Nei*  (the  predominating  atom  in  this  group),  the  abundance  declines  as  far  as  Ti^,  but 
then  rises  and  reaches  a  high  value  again  at  Fe||,  which  corresponds  to  the  second  maximum  of  abundance  in  the 
groups,  and  at  Ni||,  which  is  in  the  zone  of  stabilization.  The  same  zone  also  contains  Fe||,  (the  predominating  atom 
of  the  4th  group  and  of  the  iron  series)  and  CrU,  (the  predominating  isotope  of  chromium),  as  well  as  Cr24,  Ti^  and 
Ti^.  The  three  latter  are  present  for  the  following  reasons:  On  passing  from  the  predominating  isotope  of  chromium 
to  iiffi  the  abundance  falls  by  a  factor  of  9,  which  is  very  much  smaller  than  the  fall  on  passing  in  the  iron  series  from 
to  Fe||,  where  the  factor  of  fall  is  42  and  only  slightly  smaller  than  on  passage  in  the  titanium  series  from  Ti^  to 
which  is  accompanied  by  a  13-j  times  change  in  abundance.  The  atom  of  Ti^  causes  a  peak  in  the  upper  boun¬ 
dary  of  the  stable  atoms  of  the  odd  groups  of  the  band  with  even  Z  (Fig.  1).  The  abundance  declines  to  an  insignifi¬ 
cant  extent  on  passing  from  Crfl  to  Tijj.  With  increasing  Z  the  predominating  isotopes  of  the  pleiads,  in  conformity 
with  the  general  direction  of  both  bands  of  the  table,  are  displaced  in  general  to  larger  N,  and  to  smaller  N  only  in  the 
zones  of  stabilization  as,  for  instance,  in  passing  from  iron  to  nickel  (see  above).  All  the  mentioned  atoms  of  this  zone 
lie  in  one  direction  with  very  similar  values  of  Z  +  N  ranging  from  27  to  30  (average  28). 

Atom  NifJ  Niil  Felt  Fe||  Fe|t  Cr||  Cri|  Tig  Tig  Tig  Ca^t^^  Cag  Cag 

Z+N  29  30  28  29  30  28  29  27  28  29  27  28  29 


Possibly  this  is  only  one  branch  of  a  complex  pattern  whose  structure  will  become  clear  after  a  study  of  the 
properties  of  still  unknown  atoms  which  will  broaden  the  bands  of  the  system  and  after  exact  measurement  of  the  mas¬ 
ses  of  the  possibly  larger  number  of  atoms.  We  may  thus  postulate  a  horizontal  branching  of  the  zone  to  the  right  from 
Fell  and  NifJ.  This  postulate  is  based  on  the  previous  considerations  regarding  the  atoms  of  Fe||,  Fe||,  Fe|*,  Ni|j,  Ni||; 
Ni||  and  Nig,  namely  the  fact  that  corresponding  to  all  the  stable  isotopes  of  iron  is  a  maximum  of  the  abundance 
curves  of  the  atoms  of  the  corresponding  groups,  so  that  the  abundance  at  once  falls  sharply  in  the  upward  direction, 
whereas  in  the  downward  direction  it  only  falls  after  the  nickel  series;  a  further  consideration  in  support  of  the  pos¬ 
tulate  is  the  increase  in  the  half-life  period  on  transition  in  the  9th  group  from  Zuf®  to  Nig. 


In  the  left  hand  band  of  the  table  this  zone  of  stabilization  has  a  direction  similar  to  that  described.  Here  the 
diagonal  portion  of  the  zone,  encompassing  the  atoms  with  the  same  values  of  Z  +  N,  is  directed  from  atoms  of 
and  Co|*  to  Scg  and  Scg.  This  direction  of  the  zone  has  the  following  implications:  In  the  case  of  the  specified 
fl  -radioactive  atoms  of  cobalt,  the  half-life  period  is  longer  than  that  of  the  6  -radioactive  atoms  of  Mng  and  Mr^^ 
respectively  which,  judging  by  their  half-life  periods  and  the  half-life  periods  of  the  light  S  -radioactive  atoms  of 
the  same  groups,  are  also  encompassed  by  this  zone.  The  succeeding  atom  of  Mn||  (in  the  same  direction)  evidently 
has  a  half-life  period  similar  to  that  of  'At-  In  the  van-adium  series  in  this  direction  are  \^s,  the  stability  of  which 
breaks  into  the  consistently  6~  -radioactive  atoms  of  the  4th  group,  and  vfg,  the  most  abundant  vanadium  isotope. 
Then  follows  Seg,  the  half-life  period  of  which  is  longer  than  that  of  and  Seg,  whose  half-life  period  is  only  a 
little  shorter  than  that  of  C0I7.  Consequently  in  the  left  band  of  the  table  the  diagonal  portion  of  this  zone  encom¬ 
passes  the  following  atoms: 


Atom 


Cog  Coif 


V||  vfl 


28 


o«48 

t>Cgi 


Seg 


Z+N  28  29 


28 


27  28  27  28 


The  horizontal  offshootof  this  diagonal  portion  of  the  zone,  in  the  band  of  atoms  of  even  Z,  observed  in  the 
series  of  iron  (Z  =  26)  and  nickel  (Z  =  28),  is  here  observed  in  the  cobalt  series  (Z  =  27).  Apart  from  what  was  already 
said  about  the  atoms  of  Cog  and  Co||,  it  is  manifested  in  the  similarity  of  the  half-life  periods  of  Cog  and  and 
also  in  the  facts  that  Cog  is  the  predominant  atom  of  the  group  and  that  the  half-life  periods  of  Cog  and  Cog  are  long¬ 
er  than  those  of  Cu||  and  Cug  respectively. 
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The  second  peak  of  the  upper  (N  =  12,  14,  IG)  boundary  and  the  oppositely:  s  tuated  trough  of  the  lower  bound¬ 
ary  (in  the  direction  of  the  broken  line  of  Fig,  1)  of  the  stable  atoms  of  the  even  groups  of  the  band  of  even  Z  indicate 
a  zone  of  stabilization  resulting  in  stability  of  Ges*,  SesJ,  Kr^,  Mo^,  RuJJ,  Pd^j*,  Cd^*,  Sr^o*  *^0  zone  of 

stabilization  had  here  existed,  these  atoms  would  have  been  radioactive,  and  the  boundaries  in  question  would  have 
lacked  the  trough  and  peak  responsible  for  their  stability.  The  diagonal  portion  of  this  zone  is  made  up  of  atoms  with 
Z  +  N  from  48  to  52  (average  50),  arranged  in  the  direction  from  Se^  and  KrIJ  (N  =  14)  to  Mo^  and  Ru^  (N  =  8).  In 
the  14th  group  the  true  upper  boundary  of  the  portion  of  stable  atoms  is  ZrJj.  It  lies  on  a  hyperbolic  curve  which  may 
be  drawn  through  the  top  of  the  boundary  of  the  stable  atoms  of  the  4th,  10th,  18th  and  other  groups  of  the  band  of  even 
Z  (Fig.  1)  located  between  the  peaks  resulting  from  the  zones  of  stabilization.  Following  it  upward  in  the  same  group 
is  Sr^i  which  is  B'-radioactive  (although  long  lived),  but  after  that  the  stability  of  the  atoms  in  this  group  increases  to 
such  an  extent  that  Kr**  and  Se^  are  no  longer  radioactive  and  Se^^  is  abundant  in  comparison  with  the  other  stable 
atoms  of  the  14th  group.  At  the  other  end  of  the  diagonal  portion  of  this  zone,  in  the  region  of  atoms  of  Mo^  and  Ru^J, 
relative  stability  is  subsequently  displayed.  The  stability  of  these  atoms  is  marked  by  a  peak  of  the  lower  boundary  of 
the  stable  atoms  of  the  8th  group.  The  abundance,  which  had  fallen  in  the  8th  group  before  these  atoms,  rises  at  Mo^, 
while  at  Ru^  it  declines  but  not  sharply.  In  the  case  of  the  0  -radioactive  atoms  of  the  7th  group,  the  half-life  period 
starting  from  Se^  falls  off  with  increasing  value  of  Z  in  conformity  with  the  general  law,  while  on  transition  to  Ru^ 
(located  in  this  zone)  it  increases.  In  the  9th  group  the  same  is  observed  on  transition  from  Zr”  to  the  atoms  of  Mo^ 
aiKl  R’'44  encompassed  by  this  zone.  In  the  10th,  11th  and  12th  groups  in  the  direction  of  the  diagonal  portion  of  the 
zone  are  found  the  atoms  Zr^J,  Zrjp,  Zr“  and  Sr^f  which  predominate  in  these  groups.  Sr**  and  Zr^  also  predominate 
in  the  series,  and  in  going  from  strontium  to  zirconium  the  number  of  the  group  of  the  predominating  isotope  of  the 
pleiad  is  shifted  to  lower  values;  this  is  observed  (as  already  remarked)  only  in  zones  of  stabilization.  In  the  13th  group 
the  half-life  period  of  Kr*  is  not  shorter  but  longer  than  that  of  SrlJ.  Thus  the  diagonal  portion  of  this  zone  encompas¬ 
ses  the  following  atoms: 

Atom  Ru^  Ru2S  Mo%  Mog  ZrJJ  ZrJo  Zrg  SrJI  Kr§|  KrSS  Seg 

Z  +  N  51  52  50  51  50  51  52  50  49  50  48 

The  atoms  of  Pd^,  Cd^*  and  Sn^^,  the  stability  of  which  gives  rise  to  the  trough  in  the  lower  boundary  of  the 
stable  atoms  of  the  10th  and  12th  groups  of  the  band  of  even  Z(Fig.  1),  form,  as  seen  from  the  table,  an  offshoot  of  the 
described  diagonal  portion  of  the  zone.  In  this  region  the  properties  of  many  atoms  are  still  unknown,  and  for  the  pre¬ 
sent  this  can  only  be  hypothetically  correlated  with  the  fact  that  the  abundance  before  these  atoms,  which  had  fallen 
in  the  groups,  does  not  change  on  passing  to  Cd^*  and  increases  considerably  on  passing  to  Snlj*.  Another  offshoot  of 
the  diagonal  portion  of  the  zone  is  formed  by  GeJ  and  Ge^,  the  first  of  which  has  a  longer  half  -life  period  than  SeJ^, 
while  the  stability  of  the  second  causes  a  peak  in  the  upper  boundary  of  the  stable  atoms  of  the  12th  group.  The  iso¬ 
topes  of  zirconium  located  to  the  right  of  ZrJj  evidently  form  a  horizontal  offshoot  of  the  zone.  Mention  has  already 
been  made  of  the  atoms  of  ZrJj,  ZrJo  and  Zr^  belonging  to  the  diagonal  portion  of  the  zone  in  question.  The  stability 
of  the  atom  of  Zr^J  gives  rise  to  the  peak  in  the  upper  boundary  of  the  stable  atoms  of  the  16th  group;  also  correspond¬ 
ing  to  it  is  the  second  maximum  of  the  curve  of  abundance  of  the  atoms  of  this  group.  In  the  case  of  Zr^  and  Zr^^ 
the  half-life  period  is  longer  than  that  of  Mo^  and  Mo^^  ZrJo  is  the  predominating  atom  of  the  group.  Zr^®^  has  a 
long  half  life  period  and  below  it  in  the  table  is  the  predominating  atom  of  the  group. 


In  the  left  hand  band  of  the  table  appears  the  diagonal  portion  of  this  zone,  encompassing  the  atoms  with  the 
same  values  of  Z  +  N  as  in  the  right  -hand  strip  of  the  table,  and  the  horizontal  offshoot  in  the  series  of  yttrium  (Z  =  39) 
and  niobium  (Z  =  41),  similar  to  the  offshoot  observed  in  the  zirconium  series  (Z  =  40)  of  the  right  hand  band  of  the 
table.  The  diagonal  portion  of  this  zone  passes  through  the  following  atoms  located  in  the  table  in  the  direction  from 
Tc^  to  Brjs: 


Atom 
Z  +N 


Tc% 

'To®* 

TC43 

Tc^ 

Nb^®i 

Nbl5‘> 

v88 

^39 

yh 

Ri4*7*^ 

Rb,*? 

BrU 

50 

51 

52 

49 

50 

49 

50 

49 

50 

49 

In  the  case  of  Tc^  the  half  -life  period  is  only  a  little  shorter  than  that  of  the  lighter  Rbj}.  In  the  8th  group  in 
the  same  direction  are  found  Nb^®,  with  a  half  -life  period  exceeding  that  of  Rb®,  and  Tc^s  whose  half  -life  period  is 
even  shorter  than  that  of  Nb4®  but  is  comparable  with  that  of  the  lighter  6 ^-radioactive  atoms  of  the  same  group.  In 
the  9th  group  this  zone  embraces  Nb^^i'  and  Tc^  whose  half  life  period  is  longer  than  that  of  Y*J.  later  on  in  this 
direction  we  find  the  stable  isotopes  of  yttrium  yH  and  y|*  whose  half  -life  period  is  longer  than  that  of  the  atoms  oc¬ 
curring  in  the  same  group  imimediately  above  and  below  them.  In  the  rubidium  series  this  diagonal  portion  of  the  zone 
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passes  through  the  atoms  of  Rbsf*  and  Rb|5  whose  half-life  periods  are  longer  than  those  of  YjJ  and  Y39  respectively; 
it  then  passes  through  Br^,  the  half-life  of  which  is  longer  than  that  of  Rb|*.  Here  the  horizontal  offshoot  of  this  zone 
implies  that  in  the  case  of  the  B~-radioactive  atoms  of  niobium  and  yttrium,  present  in  the  14th  to  17th  groups,  and 
in  the  case  of  Nbl}  the  half-lives  are  longer  than  those  of  the  heavier  radioactive  isotopes  of  technetium  in  the 
respective  groups. 

Similar  to  the  zones  described  above  is  the  zone  of  stabilization  indicated  by  the  third  peak  in  the  upper 
(N  =  24,  26,  28)  and  by  the  trough  (facing  the  peak  in  the  direction  of  the  broken  curve  of  Fig.  1)  in  the  lower 
(N  =  20,  24,  26)  boundary  of  the  stable  atoms  of  the  even  groups  of  the  band  of  even  Z,  resulting  from  the  stability 
of  the  atoms  of  Srigo*,  Tesf®,  XegJ^  XegJ*.  Sm^,  Dy^*  and  Erjf ,  which  in  the  absence  of  this  zone  of  stabilization 
would  have  been  radioactive.  The  diagonal  part  of  this  zone  runs  from  Sm^  (N  =  20)  to  XejJ*  and  encompasses  the 
following  atoms; 

Atom  Sm^  Sma^^^  Nd^  Nd^  Ce^f  Bag^l^  Balf  Xejf  Xe^f  Te*^® 

Z  +  N  82  83  82  83  82  81  82  81  82  81  82 

The  actual  upper  boundary  of  the  range  of  stable  atoms  of  the  28th  group  is  NdJo*.  lying  on  the  previously  men¬ 
tioned  hyperbola,  passing  also  through  Zr^.  Passing  upward  from  it  are  atoms  which  are  already  6“-radioactive,  and 
the  stability  of  Xe^*  is  an  anomaly  due  to  its  presence  in  a  zone  of  relative  stability.  A  similar  anomaly,  caused  by 
the  same  zone,  is  the  stability  of  Sm^  .  The  actual  lower  boundary  of  the  stable  atoms  of  the  20th  group  is  CeU*, 

below  which  is  the  radioactive  atom  of  Ndl^,  In  the  other  groups  this  diagonal  portion  of  the  zone  has  the  following  fea- 
tures:  In  the  case  of  the  radioactive  atoms  or  the  lower  series  of  the  lower  feriesof-the  21st  ^roun*,  ^t  first  from*  5a  u»3 
to  Ndi4i,  the  half-life  is  sho'.:eiieci  v.’hile on  reaching Srai«,  (in  the  diagonal  ijortion  of  the  ;:onc)  >t 
becomes  longer.  In  the  22nd  r  oup  the  diagonal  portion  of  the  zone  contains  Nd^  ,  the  most  abundant 
atom  ot  the  s'^ries  and  (after  Sn^)  of  the  group.  In  the  23rd  group  below  Bas^  is  a  radioactive  atom  followed  by  the 
stable  atom  of  Nd^,  the  most  abundant  species  of  the  group,  and  by  Sm^^  the  first  of  which  is  in  the  diagonal  por¬ 
tion  of  the  zone.  Among  the  atoms  of  the  24th  group  on  the  diagonal  portion  of  the  zone  is  Cesj®,  the  predominating 
species  of  the  pleiad  to  which  also  corresponds  the  second  maximum  of  the  curve  of  relative  abundance  of  the  atoms 
of  this  group.  In  the  25th  group  the  diagonal  portion  of  the  zone  passes  through  the  atom  of  Bag^^  resulting  in  the  sta¬ 
bility  of  this  atom  which  upsets  the  uniformity  of  the  set  of  0 "-radioactive  atoms  of  this  group.  Later  in  the  26th 
group  in  the  same  direction  are  found  Bagj*  and  XegJ®.  Bagj*  is  the  predominating  species  of  the  group  and  series,  and 
the  stability  of  Xe^^  and  of  the  adjacent  Tegf®  (resulting  from  the  zone  of  stabilization)  is  marked  by  a  peak  in  the 
upper  boundary  of  the  stable  atoms  of  this  group.  In  the  case  of  the  6~-radioactive  atoms  of  the  27th  group  from 
Sm^^  to  Bagj*  the  half-life  is  shorter  in  accordance  with  the  general  rule,  while  on  transition  to  Xeg^®,  which  is  along 
the  diagonal  portion  of  the  zone,  it  becomes  longer.  Evidently  the  diagonal  portion  of  this  zone  extends  beyond  Xegl*; 
encompassing  for  example  Te^®  and  Te^^^)^  region  the  properties  of  many  atoms  have  scarcely  been 

studied.  The  described  diagonal  portion  of  the  zone  of  stabilization  under  consideration  has  two,  more  clearly  visible 
offshoots,  similar  to  those  indicated  for  the  preceeding  zone.  The  first  offshoot  is  formed  by  atoms  of  Sm^^,  directly 
bordering  on  the  diagonal  portion  of  the  zone,  and  of  Dyj|*  and  Erjf  ,  whose  stability  is  associated  with  a  peak  in  the 
lower  boundary  of  the  stable  atoms  of  the  24th  and  26th  groups  of  the  band  of  even  Z,  Although  there  are  many  empty 
spaces  in  this  region  of  the  table  and  some  of  the  atoms  have  not  been  reliably  i  dentified,  this  offshoot  of  the  stabili¬ 
zation  zone  may  also  be  accepted  on  the  basis  of  other  data.  Thus,  the  abundance,  which  had  fallen  in  the  24th  and 
26th  groups  before  the  atoms  of  Dy^*  and  Erg®,  remains  substantially  unchanged  on  passing  to  the  offshoot,  while  in  the 
23rd  group  on  passing  from  Ndgg®  to  Sm®^  it  changes  slightly.  In  the  25th  group  on  transition  from  Gd^®^  xo  Dy^’^^ 
the  half-life  is  substantially  unchanged.  From  the  general  form  of  this  portion  of  the  stabilization  zone  in  the  table 
and,  in  particular,  from  the  form  of  the  peak  induced  by  it  in  the  lower  boundary  of  the  stable  atoms  of  the  even  grotps 
of  the  band  of  even  Z  (Fig.  1),  we  may  postulate  that  it  will  encompass  also  the  stable  or  long-lived,  still  unknown, 
atoms  of  Sm^®,  and  Gd^®.  The  other  branch  of  the  described  diagonal  portion  of  the  zone  under  consideration  is  formed 
by  atoms  of  Te^®,  the  most  abundant  isotope  of  tellurium,  and  SngJ^  the  predominant  atom  of  this  group,  the  stability 
of  both  of  which  results  in  a  peak  in  the  upper  boundary  of  the  stable  atoms  of  the  26th  and  24th  group.  The  indicated 
course  of  the  described  stabilization  zone  accords  well  with  the  change  in  position  of  the  predominating  isotopes  of  the 
pleiads  in  this  region  of  the  table.  On  going  from  tin  to  tellurium  they  are  sharply  displaced  to  the  right,  into  the  sta¬ 
bilization  zone,  and  subsequently  to  the  left,  following  precisely  the  direction  of  the  diagonal  portion  of  the  zone  in 
the  series  of  barium,  cerium  and  neodymium.  On  the  basis  of  the  course  of  displacement  in  the  table  of  the  predom¬ 
inating  isotopes  of  the  elements  from  palladium  to  neodymium,  we  may  postulate  that  the  most  abundant  isotopes  of 
cosmic  xenon  are  the  heavier  atoms  located  nearer  to  the  indicated  direction  of  the  diagonal  portion  of  the  stabiliza¬ 
tion  zone  than  the  atoms  predominating  in  this  pleiad  according  to  the  modern  data  [9]  indicated  in  the  table. 
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The  diagonal  piortion  of  this  zone  is  also  clearly  marked  in  the  band  of  odd  Z  where  it  passes  through  the  fol¬ 
lowing  atoms  with  the  same  values  of  Z  +  N,  arranged  in  the  direction  from  Pniei^  to  Shg*®: 

Atom  Pm',!"'  Prg‘  Las”,*  LajT  Csg^  Cs^f’  Is?  I5? 

z  +  N  82  82  81  82  83  80  81  82  81  82  83  81  82  83 


The  half-life  of  Pm*}^^  is  longer  than  that  of  the  lighter  radioactive  atoms  of  the  21st  group  which  precede  it 
and  in  whose  case,  at  the  start,  in  conformity  with  the  general  law,  the  half-life  becomes  shorter  on  passing  from 

Cs^®^^  to  La^.  In  the  23rd  group  in  the  same  direction  we  find  the  stable  atom  of  Prsj^,  which  would  have  been  radi¬ 
oactive  in  the  absence  of  a  zone  of  stabilization;  it  is  below  the  radioactive  atom  of  La^^  In  the  lanthanum  series 
this  zone  results  in  the  appearance  of  the  stable  isotopes  La^®*  and  La^®®,  which  in  the  absence  of  this  zone  would  have 
been  6“-radioactive;  the  zone  also  results  in  the  half-life  of  being  longer  than  that  of  Prs^.  This  zone  later  pas¬ 
ses  through  Csy*  and  Css^^,  whose  half-lives  are  longer  than  those  of  La^^  and  La^y^  respectively,  then  through  Cs^, 
whose  half-life  is  very  lone  and  longer  than  that  of  the  heavier  fi  "-radioactive  atoms  of  the  same  group.  Subsequent¬ 
ly  the  zone  encompasses  jUe  iodine  series  and  Sl4i®*\  Sbj^  and  Sl^}®^^  in  the  antimony  series. 

The  half-lives  of  which  are  longer  than  those  of  the  atoms  in  the  same  group  but  below  them. 


Although  the  fourth  peak  in  the  upper  (N  =  36)  and  the  oppositely  located  trough  in  the  lower  (N  =  32)  boun¬ 
dary  of  the  stable  atoms  of  the  even  groups  of  the  band  of  even  Z  are  quite  small  in  comparison  with  the  preceding 
three  peaks,  they  obviously  also  imply  a  zone  of  stabilization  since  other  data  point  to  this  conclusion.  The  diagonal 
portion  of  this  zone  evidently  runs  from  Os^^  and  Osjf  to  Hfn\  encompassing  the  following  atoms  with  Z  N  from  108 
to  110: 


Atom 

76 

n  ’*5 
Os  76 

w’f 

VJ  *^3 
VV74 

Hfif 

HfH' 

Z  -h  N 

108 

109 

108 

109 

110 

108 

109 

The  stability  of  Osjg*  gives  rise  to  the  peak  in  the  lower  boundary  of  the  stable  atoms  of  the  32nd  group.  On 
passing  from  Wj**  to  Osje®  the  half-life  period  becomes  slightly  shorter.  Further  on,  in  the  tungsten  series  in  the  same 
direction  of  this  zone  are  found  the  isotopes  wj®,  W^®  and  WjJ*.  They  are  the  predominating  atoms  of  the  34th,  35th 
and  36th  groups  respectively,  and  is  also  the  most  abundant  isotope  of  the  pleiad.  In  the  hafnium  series  on  the 
diagonal  portion  of  this  zone  are  found  HfJ|®.  Hfj*^  and  Hf^.  Hf^®  is  the  predominant  isotope  of  the  pleiad.  The  half- 
life  of  Hf||*  is  only  very  slightly  shorter  than  that  of  wj®.  Hf^  is  still  unknown  but,  judging  by  its  presence  in  this  di¬ 
rection  and  from  the  properties  of  the  known  atoms  closest  to  it,  it  must  be  long-lived  or  even  stable.  YbJJ*.  whose 
stability  results  in  the  small  convexity  of  the  upper  boundary  of  the  stable  atoms  of  the  36th  group,  is  probably  already 
present  on  the  offshoot  of  this  diagonal  portion. 


In  the  left-hand  band  of  the  table  in  this  region  are  still  many  empty  places  and  incompletely  indentified 

atoms. 


All  the  above  noted  deviations  from  the  law  of  continuity  of  runs  of  single-type  (stable  or  radioactive)  atoms 
in  the  groups  of  the  table  and  the  great  majority  of  deviations  from  the  law  of  monotonicity  of  change  of  the  half- 
life  period  of  radioactive  atoms  in  the  groups  of  the  table  are  caused  by  these  zones.  In  the  right-hand  band  of  the 
table  are  only  four  deviations  from  the  law  of  monotonicity,  caused  by  the  pairs  Ge|j-Se^  XesJ* 

and  Ery«^  —  YbTO**\  which  are,  as  it  were,  not  encompassed  by  these  zones.  It  is  impossible  at  present  to  draw  any  fi¬ 
nal  conclusions  about  them  since  three  of  the  pairs  contain  incompletely  identified  atoms,  and  two  of  the  pairs  ap¬ 
proach  closely  to  offshoots  of  the  described  zones  of  stabilization.  This  is  also  true  of  the  deviations  in  the  left-hand 
band  of  the  table  where  there  are  more  of  them. 

The  described  zones  are  similar  among  themselves.  They  all  consist  of  diagonal  portions  (whose  direction  is  in¬ 
dicated  by  the  broken  line  in  Fig.  1)  with  offshoots.  The  diagonal  portions  of  the  zones  are  parallel  and  are  expressed 
by  the  general  equation  Z  N  w  const.  The  mean  value  of  const. for  the  zones  in  question  are  28,  50,  82  and  110, 
which  agree  with  the  known  critical  (’'magical")  numbers  found  from  experiment  or  predicted  by  theory.  They  are 
consequently  numbers  that  specify  the  atoms  present  on  the  diagonal  portions  of  the  zones  of  stabilization  in  the  sys¬ 
tem  of  atoms.  We  see  from  the  description  of  the  zones  that  these  numbers  are  not  strictly  simple  digits  but  mean 
values  of  Z  -f  N  for  atoms  encompassed  by  the  diagonal  portions  of  the  zones  of  stabilization. 

A  noteworthy  feature  is  the  connection  between  the  zones  of  stabilization  characterizing  periodicity  in  the 
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system  of  atoms  and  the  periodicity  in  D.  I.  Mendeleev’s  system.  Thus  the  diagonal  portion  of  the  described  zones 
of  stabilization  abut  at  the  inner  edge  of  the  right-hand  band  of  the  table  onto  the  atoms  of  the  eighth  group  of 
Mendeleev’s  periodic  system;  Ni,  Ru,  (Siti),  Os,  v/hile  at  the  outer  edge  of  the  same  band  they  abut  onto  the  atoms 
of  the  elements  of  its  zero  group:  Ar,  Kr',  Xe,  encompassing  the  atoms  of  elements,  present  in  this  direction,  of  the 
even  series  of  the  large  periods  of  D.  1.  lAendeleev’s  table. 

Judging  by  the  direction  of  the  offshoots  from  the  diagonal  portions  of  the  described  zones,  we  can  assume 
that  these  zones  are  connected  with  one  another  (the  1st  with  the  2nd  atoms  of  nickel,  and  the  2nd  with  the  3rd  atoms 
of  tin,  the  Z  of  which  are  respectively  28  and  50  in  accord  with  the  critical  numbers);  they  are  possibly  only  parts  of 
a  single  zone  of  stabilization. 


SUMMARY 

All  the  known  stable  and  radioactive  atoms  are  arranged  in  a  table  consisting  of  two  bands,  the  right-hand  one 
containing  atoms  with  even  and  the  left-hand  one  atoms  with  odd  nuclear  charge.  These  two  bands  are  divided  into 
groups  and  series.  This  table  brings  out  the  regularities  of  the  system  of  atoms  more  fully  than  the  known  diagrams 
with  similar  coordinates  on  which  atoms  with  even  and  odd  nuclear  charge  are  not  segregated. 

Apart  from  the  similarity,  a  feature  is  the  asymmetry  of  distribution  of  the  stable  and  radioactive  atoms  in  the 
bands  of  the  table.  In  the  right-hand  band  the  stable  atoms  form  a  dense  field,  while  in  the  left-hand  band  small 
groups  of  stable  atoms  and  singletons  are  separated  by  radioactive  species.  In  the  right-hand  band  in  each  even  group 
the  upper  boundary  of  the  stable  atoms  is  higher  and  the  lower  boundary  is  lower  than  in  the  neighbouring  odd  groups. 
The  converse  is  found  in  the  left-hand  band.  The  same  is  observed  also  in  the  change  from  group  to  group  of  the 
boundaries  of  the  6~ -radioactive  atoms,  of  the  abundance  of  stable  atoms,  and  of  the  mass  defects  of  atomic  nuclei. 
The  previously  published  diagram  does  not  bring  out  these  regularities. 

The  boundaries  of  the  field  of  the  stable  atoms  in  the  right-hand  band  contain  well  defined  peaks  and  troughs 
caused  by  the  2X)nes  of  stabilization  in  the  system  of  atoms. 

In  the  groups  of  the  table  the  stable  6~-and  0 ^-radioactive  atoms  are  not  interspersed,  as  is  the  case  in  the 
above  noted  diagram,  but  form  single- type  portions  of  the  middle,  upper  and  lower  series  of  the  groups  respectively. 

In  the  majority  of  groups  the  half  life  falls  monotonically,  while  the  energy  of  the  emitted  particles  monoton- 
ically  increases:  in  the  case  of  the  0”-radioactive  atoms  the  change  is  from  bottom  to  top;  in  the  case  of  the  6  - 
-radioactive  atoms  it  is  from  top  to  bottom.  In  some  groups  these  changes  are  satisfactorily  formulated  by  simple  ex¬ 
pressions. 

The  total  mass  defect  of  the  atomic  nucleus  within  the  groups  depends  approximately  linearly  on  the  charge 
of  the  nucleus.  On  this  basis,  group  empirical  equations  were  obtained  for  calculation  of  the  masses  of  atoms,  which 
are  represented  approximately  by  parallel  and  equidistant  straight  lines  and  therefore  are  reduced  to  more  general 
equations. 

Atoms  whose  properties  deviate  from  the  described  general  laws  of  the  groups  and  series  of  the  table  form  zones 
of  stabilization  in  the  system  of  atoms.  The  paper  describes  four  zones  of  stabilization  which  give  rise  to  peaks  in  the 
upper  and  troughs  in  the  lower  boundary  of  the  stable  atoms  of  the  even  groups  of  the  right-hand  band  of  the  table. 
They  all  consist  of  diagonal  portions  with  offshoots  by  which  they  are  possibly  connected  to  one  another.  The  diagonal 
portions  of  the  zones  are  parallel  and  are  represented  by  the  general  equation  Z  +  N  w  const.  The  mean  value  of  const, 
for  these  zones  is  given  by  the  numbers  28,  50,  82  and  110,  in  agreement  with  the  known  critical  ("magical")  numbers 
which,  consequently,  are  not  strictly  whole  digits. 

Three  of  the  zones  described  are  responsible  for  all  the  exceptions  to  the  law  of  continuity  of  runs  of  single¬ 
type  (stable  or  radioactive)  atoms  in  the  groups  of  the  table  and  for  most  of  the  deviations  from  the  law  of  monotonic 
change  in  the  groups  of  the  table  of  the  half-life  period  of  the  radioactive  atoms  and  of  the  energy  of  the  particles 
emitted  by  them. 

A  link  is  noted  between  the  zones  of  stabilization,  characterizing  the  periodicity  in  the  system  of  atoms,  and 
the  periodicity  in  D.  I.  Mendeleev’s  system.  The  diagonal  portions  of  the  described  zones  of  stabilization  abut  at  the 
inner  edge  of  the  right-hand  band  onto  the  atoms  of  the  8th  group  of  D.  I.  Mendeleev’s  table:  Ni,  Ru,  (Sm),  Os,  while 
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at  the  outer  edge  they  abut  onto  the  atoms  of  its  zero  group:  Ar,  Kr,  Xe,  encompassing  the  atoms  of  elements  of  the 
even  series  of  the  long  periods  of  D.l.  Mendeleev’s  table. 
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D.  I.  MENDELEEV'S  CALCULATION  OF  THE  RADII  OF  THE  ATOMS 


N.  E.  Zaev 


In  the  fifth  edition  of  his  "Principles  of  Chemistry",  issued  in  1889,  D.  I.  Mendeleev  [1]  wrote:  "... 
the  fraction  A/S  expresses  only  the  mean  volume  corresponding  to  the  sphere  of  the  atoms,  and  therefore  .... 
is  the  mean  distance  between  the  centers  of  the  atoms",  where  A  is  the  atomic  weight  and  S  is  the  density  of 
the  element. 

D,  I,  Mendeleev  here  postulates  a  spherical  shape  for  the  atom. 

With  the  availability  of  accurately  determined  Avogadro  number  and  packing  of  identical  spheres  co¬ 
efficients,  it  is  now  possible  to  carry  out  a  calculation  of  the  radii  of  atoms  by  Mendeleev's  method,  and  to 
compare  tlie  results  with  those  obtained  experimentally  by  various  methods  (X-ray  and  electron  diffraction, 
spectroscopy). 

The  literature  [2-8]  contains  a  considerable  number  of  values  of  radii  of  atoms  determined  experiment' 

ally. 

The  following  formula  was  used  for  calculation  of  the  radius  of  an  atom: 


where  K  is  the  packing  coefficient,  equal  [6]  for  closest  packing  (A1  and  A3)  to  0.7405,  for  cubic  space-centered 
packing  A2  to  0,6802,  for  simple  cubic  packing  to  0.5236,  for  tetrahedral  packing  (diamond,  A4)  to  0.3400;  N  = 

=  6.022-10*®  molc~‘. 

The  densities  of  the  elements  and  the  atomic  weights  are  mainly  taken  from  the  1951  compilation  [9]. 
Results  of  the  calculations  are  arranged  in  a  table  with  the  elements  listed  in  the  order  of  the  Russian  alphabet. 

The  table  contains  four  possible  radii  of  atoms  corresponding  to  the  four  most  widely  adopted  packing 
coefficients. 

Those  values  of  radii  are  underlined  in  the  table  which  can  be  accepted  on  the  basis  of  packing  data  or 
radii  known  from  other  sources. 

When  evaluating  the  agreement  between  the  calculated  and  experimental  radii,  we  must  take  into  ac¬ 
count  the  character  of  the  experimental  method. 

As  we  know,  spectroscopic  data  for  diatomic  molecules  are  usually  obtained  to  an  accuracy  of  0.01  A. 
The  error  is  of  the  same  order  when  applying  the  electron  diffraction  method  to  gaseous  molecules. 

X-ray  values  for  crystals  are  more  accurate  when  the  radius  is  determined  directly  by  measurements  of 
the  unit  cell  (as  in  diamond);  the  values  obtained,  however,  frequently  depend  upon  supplementary  parameters 
which  are  determined  from  intensity  data.  Consequently  the  accuracy  of  X-ray  values  in  many  cases  cannot 
be  considered  better  than  0.1  A. 

Due  to  the  lack  of  data  for  density  and  packing,  it  was  impossible  to  carry  out  calculations  for  the  fol¬ 
lowing  fourteen  atoms:  Gd,  Ac,  Am,  At,  Cm,  Np,  Pu,  Po,  Pm,  Pa,  Fr,  Tc,  Bk,  Cf. 

If  we  take  as  a  criterion  of  satisfactory  agreement  an  absolute  difference  of  not  more  than  0.01  A  be¬ 
tween  the  experimental  and  calculated  values,  then  we  see  from  the  table  that  satisfactory  agreement  is  ob¬ 
tained  for  60  elements:  Al,  Ar,  Be  (since  the  packing  cannot  be  denser  than  A1  or  A3,  the  experimental  data 
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Atomic  num-  ,  Calculated  radius  (A)  with  packing:  j  Radius  (in  A)  and  packing  according  to: 

bet  of  ele-  Symbol  j - 1 - - - - ; - - 

meat  a\-a3  m  simple  cubic  ^4  Syrkln  [4]  Pauling  [6]  Kondratev  [2]  Otmont  [3] 
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The  specific  gravity  of  Kr  according  to  [10]  is  taken. 
The  specific  gravity  of  Kr  according  to  [9]  is  taken. 


1795 


1-4821  I  1.4395  13194  1.1424  A2;  1.425  A2:  1.4265  1  —  ^42;  1.4264 


Calculated  radius  (A)  with  packing:  Radius  (in  A)  ana  packing  according  id 


0.9782  i  0.88634  0.77523 


Then,  on  the  assumption  that  this  aggregate  contains  n  atoms  in  Al/  A3,  A2,  simple  cubic  and  A4  packings, 
the  radii  of  these  atoms  are  found.  From  the  table  we  see  that  the  first  value  is  obtained  for  elements  in 
the  atomic  state.  The  second  for  atoms  with  single  bonds,  the  third  for  atoms  with  double  bonds,  and  the 
fourth  for  atoms  with  triple  bonds.  The  radius  r^  is  calculated  from  the  formula: 


where  r^  is  the  radius  of  the  aggregate. 

For  O,  N,  and  F,  n  =  8;  for  Cl,  n  =  4;  for  H,  n  =  64.  The  physical  meaning  of  these  assumptions  is 
that  the  atom  is  displaced  from  the  center  of  its  sphere  of  action  along  the  radius  of  the  sphere  to  its  "ex¬ 
ternal'*  surface. 

We  obtain  the  radius  of  the  sphere  of  action  of  the  atom  as  the  radius  of  the  aggregate  in  the  first 
calculation.  Then,  introducing  a  whole  number,  we  move  the  center  of  the  atom  by  a  distance  of  from 
the  "externaT*  surface  of  the  sphere,  n 

It  is  noteworthy  that  the  radii  of  bonded  atoms  are  changed  in  proportion  to  the  cubic  root  of  the 
packing  coefficient.  If  1 1  is  the  length  of  a  single  bond,  ](  that  of  a  double  bond,  and  so  on,  and  Ij  is  the 
radius  of  the  atom  in  the  dissociated  state  (for  example  Ng-»8N,  Fg-»8F,  Cl4-»4C1,  and  so  on),  then 


yq.  7405  ^  1  0287,  Ij  Vo.6802 
y0.6802  Jj  “^0.5236 


1.0918, 


1*  _  Vo  .5  236 
1,  “  -^0.340 


1.1548. 


On  this  basis  we  can  show  that  Cl  in  a  triple  bond  will  have  a  radius  of  0,77523,  while  F  does  not 
give  a  triple  bond. 


Moreover,  considering  that  the  whole  number  n  taken  for  calculation  of  the  atoms  in  an  aggregate 
for  N,  F  and  Cl  agrees  with  their  already  known  forms  as  Ng,  Fg  and  CI4,  we  may  postulate  the  existence 
of  hydrogen  in  the  form  of  Hg4  under  conditions  as  yet  unknown. 


SUMMARY 

1.  The  atomic  radii  have  been  calculated  by  a  refinement  of  the  method  proposed  by  D.  I.  Men¬ 
deleev,  A  satisfactory  result  was  got  for  60  elements  and  a  less  satisfactory  result  for  14  elements.  An 
unsatisfactory  result  was  obtained  for  10  elements  out  of  the  98.  Lack  of  basic  data  prevented  calculation 
of  the  atomic  radii  of  14  elements. 

2,  Evidence  was  obtained  that  in  the  cases  of  Ba,  V,  Au,  Ir,  Y,  Pr  and  Cs,  the  radius  of  the  atom 
and  the  density  of  the  element  have  not  been  accurately  determined.  It  was  also  established  that  the  den¬ 
sity  of  Ne  is  1.46  and  that  Kr— 3.19. 

3,  On  the  basis  of  the  data  of  [3],  calculations  gave  the  density  of  Gd  (7.9792),  the  radius  of  Sm 
(1.7445  A)  and  the  density  of  Tc  (11.367). 

4.  It  was  shown  that  the  bond  length  (one  half  of  the  interatomic  distance)  in  the  single  and  mul¬ 
tiple  bond  is  proportional  to  the  cube  root  of  the  theoretical  coefficient  of  packing  of  spheres  of  uniform 
diameter. 
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THE  SOLUBILITY  PRODUCT  OF  HYDROXIDES  OF  SOME  RARE  ELEMENTS 

I .  M  .  Korenm  an 


The  literature  contains  data  for  the  solubility  products  of  only  a  few  hydroxides  of  rare  elements, 
and  some  of  the  values  are  questionable. 


Our  calculations  are  based  upon  the  following  equation: 

[Me'*"'^  ]  [OH’]*^  =  SP 

which  by  substitution  of  [OH']  by  a  value  can  be  represented  in  the  following  form: 

=  SP 


[Me"^"]  ri^iud 


[H-]n 


(1) 


(2) 


From  this  we  find  that: 


[H-I  =I 


H,0 


SP 


(3) 


According  to  Equation  (3),  we  can  find  the  concentration  of  hydrogen  ions  at  which  a  given  amount 
(concentration)  of  Me  ions  starts  to  come  down  in  the  form  of  hydroxide. 

We  apply  Equation  (3)  to  calculation  of  the  hydrogen  ion  concentration  at  which  TI(OH)s  starts  to 
come  down  from  an  0.01  M  solution  of  a  salt  of  thallium  oxide.  According  to  the  data  of  Yu.  Yu.  Lurye 
[1]  and  N.  A.  Tananaev  [2,3],  the  solubility  product  of  TI(OH)s  is  1.4- 10“®*.  Introducing  this  value  into 


Equation  (3),  we  get:  ^  ^^.,4 


0.01 


a. 4*  10-” 


891  g-ion/ liter. 


For  a  lo”*  M  solution  of  TlClj  we  find  by  this  method  that  precipitation  ofTl  (OH)8  starts  when  the 
hydrogen  ion  concentration  is  approximately  407  g-ion/ liter.  In  other  words,  we  can  prepare  a  10“*  M 
solution  of  TICI3  only  on  condition  that  the  solution  simultaneously  also  contains  not  less  than  407  g-ion 
hydrogen  per  liter.  It  is  appreciated  that  such  concentrations  are  unrealistic  and  cannot  be  reached.  Em¬ 
ployment  of  a  value  of  the  solubility  product  of  T1  (OH)5  of  1.4. 10“**  led  us  to  grossly  inaccurate  results, 
from  which  we  can  infer  that  a  value  of  the  order  of  10“*®  is  incorrect. 


10 


Other  sources  [4l  give  for  the  solubility  product  of  T1  (OH)3  a  value  of  the  quite  different  order  of 

which  is  in  closer  accord  with  the  actually  observed  phenomena.  Applying  now  equation  (3)  we  get 

1 

/  \T 


for  a  10  *  M 


^  Y 

solution  of  TlClj:  =  1  g-ion/ liter. 


Such  a  hydrogen  ion  concentration  is  realistic. 

Similar  considerations  can  be  applied  to  Pt(OH)j,  whose  solubility  product  was  determined  as  10 

by  I.  M.  Kolthhof  [4].  Putting  this  value  in  equation  (3)  we  find  for  a  10“*  M  solution  of  salt  of  Pt' 

1 

1 


-86 


•14/  0.01  \  _ 


[H’]  =  10  ^  ~n- g-ion/ liter,  i.e.  once  again  we  obtain  grossly  incorrect  results.  For  the  same 

reasons  very  low  solubility  products  are  found  for  Th(OH)4,  Au(OH)8,  SbOOH  and  other  hydroxides  [4]. 
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These  calculations  show  that  the  solubility  products  of  some  hydroxides  require  considerable  correetion. 

In  the  available  literature  and  in  the  handbooks  we  do  not  find  values  of  the  sol::bility  products  of 
the  hydroxides  of  many  rare  elements.  Such  data  are  of  both  theoretical  and  practical  interest.  Certain 
data  permit  us  to  calculate  the  solubility  product  of  these  hydroxides.  We  have  in  mind  the  literature  data 
on  the  pH  of  solutions  in  the  instant  of  precipitation  of  the  hydroxides  of  some  rare  elements  from  solutions 
of  their  salts  of  known  concentration  As  was  shown  in  one  of  our  papers  [7l,  these  data  are  adequate 

for  calculation  of  the  solubility  product. 

As  an  example  of  the  calculation  of  the  solubility  product,  we  give  the  calculation  for  frequently 
encountered  hydroxides  of  the  type  of  Me(OH)j: 

[Me”']  [OH’]*  =  SP 

[Me’  ■]  I*H^o 


where  SP  is  the  solubility  product  of  the  hydroxide,  [Me'”]  is  the  concentration  of  the  cation  in  solution 
(g- ion/ liter)  at  the  start  of  precipitation  of  the  hydroxide,  [H’]  is  the  hydrogen  ion  concentration  at  the 
same  instant,  I  is  the  ionic  product  of  water,  i.e.  10”*^ ‘“at  18*. 

HjO 

Putting  equation  (4)  into  logarithmic  form:  log  [Me”']  +  3  log  I  -3  log  [H  ]  =  logSP, 

H{0 


from  which: 


3pIh^0"^P“"^°8  [Me”’]  =  pSP 


At  room  temperature: 


42.39-3pH-log  [Me”']  =  pSP 


For  hydroxides  of  the  type  of  Me(OH)4  we  obtain  correspondingly: 


56.52— 4pH— log  [Me””]  =  pSP 


In  the  table  are  set  forth  the  salt  concentrations  and  the  pH  at  the  start  of  precipitation  of  the  hy- 
droxidesffrom  the  published  datafr.,'?])  and  our  values  of  solubility  products  calculated  from  formulas  (5) 
and  (6)  for  the  respective  hydroxides. 


Solubility  products  of  hydroxides  of  some  rare  elements 


« 


It  is  interesting  to  note  that  the  solubility  products  of  a  given  hydroxide  calculated  from  data  taken 
from  different  sources  were  of  the  same  order  of  magnitude  in  the  majority  of  cases. 

SUMMARY 

1.  The  solubility  products  of  the  hydroxides  of  some  rare  elements,  calculated  on  the  basis  of  data 
for  the  pH  at  the  start  of  their  precipitation  (cited  in  various  publications),  are  of  the  same  order  of  mag¬ 
nitude  for  each  hydroxide,  the  mean  values  at  18*  being  the  following: 


La(OH)3 

Ce(OH)3 

Pr(OH)8 

Nd(OH)3 

Sm(OH)j 

Y{OH)j 

Th(OH)4 

Ce(OH)4 

Zr(OH)4 

2.  Lanthanum  hydroxide,  the  strongest 
distinguished  by  a  higher  colubility  product. 


5- 10"*^ 

5 -10-“ 

7*  10-*^ 

5-10-*^ 

2. 10-*^ 

1-10-*^ 

4-10-'* 

2-10-'“ 

8-10-“ 

hydroxides  of  the  rate  earth  metals,  is  also 


base  among  the 

3.  The  solubility  products  of  Me(OH)4  are  very  much  smaller  than  those  of  Me(OH)3. 
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THE  SOLUBILITY  OF 
THE  ALKALI  METALS  BY 


ANHYDROUS  METANIOBATES  OF 
THE  METHOD  OF  LABELED  ATOMS 


A.  V.  Lapitsky,  L.  N.  Shishkina,  M.  A.  Pchelkina  and  B.  A.  Stepanov 


Attention  to  the  poor  solubility  in  water  of  anhydrous  metaniobates  of  sodium  and  potassium  was 
drawn  by  Smith  and  Van  Hagen  [1]  and  by  Quill  [21.  We  have  already  shown[3-5]  thatthe  solubility  of  all 
the  anhydrous  metaniobates  of  the  alkali  metals  is  extremely  poor,  and  this  was  confirmed  by  our  determ¬ 
inations  of  the  specific  electrical  conductivity  of  their  solutions  saturated  at  25"  [<!]. 

We  set  out  to  study  the  solubility  of  all  the  anhydrous  metaniobates  of  the  alkali  metals  at  various 
temperatures,  using  the  method  of  radioative  indicators. 

EXPERIMENTAL 

1.  Starting  substances,  a)  Niobium  pentoxide.  We  have  already  described  the  method  of  purifica¬ 
tion  of  niobium  pentoxide  [c,7J,  The  niobium  pentoxide  that  we  used  was  sufficiently  pure  and  did  not 
contain  appreciable  amounts  os  impurities  capable  of  influencing  the  process  of  formation  of  metaniobates 
of  the  alkali  metals. 

b)  Carbonates  of  the  alkali  metals.  Carbonates  of  lithium,  sodium  and  potassium  were  the  chemi¬ 
cally  pure  grades  and  were  not  further  purified.  We  previously  prepared  the  carbonates  of  rubidium  and 
cesium  from  their  chlorides[G]. 

c)  Chlorides  of  the  alkali  metals.  We  used  chemically  pure  grades  of  cholorides  of  alkali  metals 
and  likewise  did  not  purify  them  further. 

2.  Preparation  of  anhydrous  metaniobates  of  the  alkali  metals.  Due  to  the  circumstance  that  we  had 
at  our  disposal,  for  investigations  of  solubility  of  metaniobates  of  the  alkali  metals,  niobium-95  in  a  form 
convenient  for  the  preparation  of  active  niobium  pentoxide,  the  preparation  of  the  investigated  salts  was  ef¬ 
fected  by  fusing  active  niobium  pentoxide  with  equimolar  amounts  of  alkali  metal  carbonates.  As  flux  [8] 
we  employed  sodium  fluoride.  The  reaction  went  according  to  the  equation: 

MejCOi  +  NbjOs  =  2MeNb08  +  COj. 

The  sodium  fluoride  was  eliminated  by  treating  the  melt  with  water. 

When  it  was  desired  to  obtain  salts  containing  radioactive  metal,  we  used  radioactive  isotopes  of  the 
alkali  metals:  sodium-24  (half-life  15.10  hours),  potassium-42  (half-life  12.44  hours),  rubidium-86  (half- 
life  19.5  days)  and  cesium-134  (half-life  2.3  years)  [9].  With  these  we  used  another  method  of  preparation: 
mixtures  were  prepared  of  alk,ali  metal  chloride  and  niobium  pentoxide  in  the  ratio  of  2:1  according  to  the 
equation:  2MeCl  +  NbjOg  +V2  02  =  2MeNbOj  +  CI2.  The  reaction  mixtures  were  heated  to  temperatures 
above  the  melting  points  of  the  alkali  metal  chlorides.  The  excess  of  alkali  metal  chloride  was  removed 
by  washing  with  distilled  water.  As  was  shown  in  preliminary  experiments,  anhydrous  metaniobates  of  the 
alkali  metals  are  formed  under  these  conditions;  this  was  confirmed  by  chemical  analysis  and  X-ray  data. 

3.  Determination  of  solubility  of  anhydrous  metaniobates  of  alkali  metals,  a)  Preparation  of  stand¬ 
ards  and  methods  of  counting.  At  the  bottom  of  an  aluminum  dish  with  a  diameter  of  1.5  cm  was  placed 

a  filter  greased  with  petroleum  jelly.  Onto  the  greased  surface  was  spread  a  uniform  layer  of  finely  pulver¬ 
ized  salt.  By  deducting  the  weight  of  the  dish  +  filter  from  the  weight  of  the  dish  +  filter  +  salt,  the  weight 
of  the  standard  was  found.  In  order  to  eliminate  errors  during  determination  of  specific  activity  due  to  in¬ 
adequate  evenness  of  the  layer  of  salt  on  the  filter,  the  dish  containing  the  filter,  fixed  in  the  holder  of  the 


1805 


counting  instrument,  was  turned  through  an  angle  of  90"  after  the  count,  after  which  the  count  was  repeated. 

By  rotating  the  dish  through  360’  and  dividing  the  sum  of  four  counts  by  four,  the  specific  activity  of  the 
standard  was  obtained. 

Another  method  of  preparation  of  standards  consisted  in  mixing  50-70  mg  finely  pulverised  active 
salt  with  water  and  transferring  the  slowly  settling  suspension  to  a  small  dish  containing  a  filter.  After 
evaporation  of  the  water,  the  weight  of  the  precipitate  was  determined.  Layers  obtained  by  this  method 
proved  more  even. 

Due  to  the  fact  that  niobium-95  breaks  down  with  loss  of  beta-particles  of  low  energy  (0.148  meV) 
and  with  emission  of  gamma-quanta  possessing  two  components  with  energies  of  0.752  and  0.768  meV,  it 
was  necessary  to  use  a  quartz  counter  or  a  gamma- tube.  We  carried  out  measurements  both  with  the  quartz 
counter  and  the  gamma-tube  counter;  a  comparison  of  the  results  showed,  however,  that  the  introduction  of 
corrections  for  autoabsorption  during  use  of  the  quartz  counter  is  pointless  since  the  layer  is  sufficiently  fine. 

With  sodium-24,  potassium-42,  rubidium-86  and  cesium- 134,  which  possess  beta-particles  and  gamma 
radiations  with  higher  energies,  it  was  possible  to  employ  the  usual  beta -tubes. 

b)  Determination  of  solubility  of  metaniobates  of  lithium,  sodium,  potassium,  rubidium  and  cesium. 
The  previously  described[10,ll]  method  of  study  was  employed.  A  weighed  amount  of  the  active  salt  of  the 
order  of  500  mg  was  placed  in  the  solubility  determination  vessel  and  distilled  water  was  poured  on  to  it; 
the  mixture  was  then  stirred  for  a  long  period  at  the  specified  temperature  in  the  thermostat.  The  tempera¬ 
ture  fluctuations  in  the  thermostat  were  +0.1*.  The  rate  of  saturation  of  the  solution  was  checked  by  taking 
off  samples  at  definite  intervals  of  time. 

It  was  established  that  saturation  is  reached  after  approximately  6  hours.  On  the  assumption  that 
equilibrium  is  not  reached  after  this  period,  we  ran  an  experiment  with  lengthy  stirring  at  higher  tempera¬ 
tures  (50  and  100").  It  was  observed  that  disappearance  of  supersaturation  occurs  very  slowly,  but  the  final 
results,  within  the  limits  of  error,  agree  with  those  obtained  with  isothermal  stirring  for  6  hours.  On  the 
basis  of  this  observation  we  withdrew  samples  6  and  8  hours  after  the  start  of  stirring.  Before  withdrawal  of 
the  samples,  the  solution  was  kept  in  the  thermostat  without  stirring  for  30  minutes.  The  pipet  with  the 
filter  base  was  previously  twice  rinsed  with  active  solution.  The  withdrawn  samples  of  solution  were  cloudy 
and  therefore  required  prolonged  centrifuging.  When  studying  the  solubility  of  the  salts  at  50  and  75*  it  was 
necessary  first  to  heat  the  pipet  with  the  filter  base.  The  solubility  at  100*  was  determined  in  the  following 
manner:  the  active  salt  was  placed  in  a  round -bottomed  flask  fitted  with  a  condenser.  Stirring  was  effected 
by  boiling  the  solution  for  10  hours.  Samples  were  withdrawn  at  100*  with  a  special  pipet  equipped  with  a 
heater.  Centrifuging  at  50,  75  and  100*  was  accomplished  in  a  thermostated  centrifuge. 

The  filters,  placed  in  the  aluminum  dish,  were  wetted  with  a  specified  volume  of  saturated  active 
solution  and  then  dried.  The  procedure  for  determination  of  the  activity  was  the  same  as  described  in  the 
section  on  "preparation  of  standards". 

The  activity  of  the  samples  ranged  between  400  and  750  imp. /min.:  the  minimum  error  in  the 
measurements  was  determined  from  the  formula  \/l+b*vr^  [i»],  and  the  relative  error  from  the 

formula  Al  .  The  background  intensity  usually  did  not  exceed  40-45  imp./ min.  Therefore  with  an 

~  =  6. 

intensity  of  the  specimen  of  400  imp./ min.  the  relative  error  was  only  about  0.06,  and  at  750  imp./ min. 
it  was  0.065. 

Results  of  measurements  are  detailed  in  Tables  1  to  9. 

It  is  easy  to  see  that  the  data  obtained  with  the  help  of  radioactive  indicators  sodium-24  and 
niobium-95  are  in  close  agreement,  thus  enabling  us  to  draw  conclusions  about  the  process  of  solution  of 
sodium  metaniobate  and  about  the  process  of  breakdown  of  the  crystal  lattice  of  the  salt  on  passage  into 
solution  of  ions  of  sodium  and  metaniobate. 

On  the  basis  of  the  data  the  solubility  product  of  the  sodium  salt  at  25*  can  be  calculated: 

SP  =  [Na"^]  [NbOj“  ]  =[5.92- lO"*!  [5.92- 10-'^  =3.23-10-^ 

•  b  is  background  intensity. 
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TABLE  1 


TABLE  2 


Solubility  of  anhydrous  1  thiuni  nietaniobate 
(indicator  niobiurri-9C) 


Temperature 

Solubility  (mg/  100  ml) 

Solubility 
(moles/  1) 

found 

mean 

value 

0* 

3.2,  3.5,  3.6 

3.4 

2.30-10“^ 

25 

4.5,  4.3,  4.0,4.! 

4.2 

2.84-  10“* 

50 

6.5,  6.2,  6.5 

6.4 

4.33-10“* 

75 

9.1,  8.8,  8.9 

8.9 

6.01- 10-* 

100 

11.0,  10.9 

10.9 

7.36-10“* 

TABLE  3 


Solubility  of  anhydrous  sodium  metaniobate  at 
various  temperatures  (indicator  sodium-24) 


3 

2 

K 

E 

nj 

H 

Solubility  (mg/ 

100  ml) 

Solubility 
(moles/1  ) 

1st 

expt. 

2nd 

expt. 

mean 

value 

0“ 

7.35 

6.87 

7.11 

4.3-10“* 

25 

9.88 

9.64 

9.76 

5.9-10“* 

50 

25.59 

25.81 

25.70 

1.6-10“* 

75 

60.46 

59.83 

60.15 

3.7-10“* 

100 

120.90 

121.10 

121.00 

7.4-10“* 

TABLE  4 


Solubility  of  anhydrous  sodium  metaniobate  at 
various  temperatures  (indicator  niobium -95) 


Temper¬ 

ature 

Solubility  (mg 

1/  100  ml) 

Solubility 
(moles/ 1 ) 

1st 

expt. 

2nd 

expt. 

mean 

value 

0“ 

6.99 

7.14 

7.07 

1 

O 

CO 

25 

9.72 

9.58 

9.65 

5.9-10“* 

50 

25.91 

25.73 

25.82 

1.6-10“* 

75 

60.21 

60.32 

60.27 

3.7-10“* 

100 

121.30 

121.30 

121.50 

7.4-10“* 

TABLE  5 


Solubility  of  anhydrous  potassium  metaniobate  at 
various  temperatures  (indicator  niobium  95) 


Temper- 

ature 

Solubility  (mg/  100  ml) 

Solubility 
(moles/ 1 ) 

1st 

expt. 

2nd 

expt. 

mean 

value 

0* 

13.32 

13.44 

13.38 

7.4- 10“* 

25 

15.40 

15.60 

15,50 

8.6-10“* 

50 

78.24 

78.34 

78.29 

O 

1 

«» 

75 

170.88 

170.78 

170.83 

9.5-  10“* 

100 

234.10 

234.20 

234.15 

1.3-10“* 

Solubility  of  anhydrous  potassium  metaniobate  at 


various  temperatures  (indicator  potassium -42} 


Temper¬ 

ature 

j  Solubility  (mg/  100  ml)  j 

Solubility 
(moles/ 1 ) 

1st 

expt. 

2nd 

expt. 

mean 

value 

0’ 

13.28 

13.40 

13.34 

7.4- 10“* 

25 

15.68 

15.48 

15.58 

8.7-10“* 

50 

78.19 

78.40 

78.29 

4.4-  10“  * 

75 

170.90 

171.35 

171.35 

9.5-  10“* 

100 

234.30 

234.92 

234.61 

1.3-  10“* 

TABLE  6 

Solubility  of  anhydrous  rubidium  metaniobate  at 


various  temperatures  (indicator  rubidium  86) 


Temper¬ 

ature 

Solubility  (mg/ 

100  ml) 

Solubility 
(moles/  1) 

1st 

expt. 

1  2nd 
i  expt. 

mean 

value 

0“ 

1.9 

2.1 

2.0 

9.0- 10“® 

25 

2.3 

2.5 

2.4 

O 

1 

50  . 

5.1 

5.3 

5.2 

2.3-10“* 

75 

7.6 

7.6 

7.6 

3.4-  10“* 

100  10.2  1 

9.8 

10.0 

4.4-  10“* 

Investigation  of  the  bottom  phases  by  X-ray  and  spectrographic  analysis  revealed  constancy  of  com¬ 
position  of  the  salts. 

Similarly  from  the  data  of  Tables  4  to  7  we  can  calculate  the  solubility  product  at  25*:  potassium 
metaniobate  has  SP  =  7.48-  10“  ^  rubidium  metaniobate  SP  =  5.06- 10“*. 

The  solubility  of  cesium  metaniobate  was  determined  using  niobium-95  (Table  8),  and  at  25  to  100° 
using  cesium- 134;  these  results  likewise  show  that  in  this  case  the  mechanisms  of  solution  of  the  salts  are 
similar,  and  consequently  the  solubility  product  must  be  7.55- 10“*, 
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TABLE  7 


TABLE  8 


Solubility  of  anhydrous  rubidium  metaniobate  at  Solubility  of  anhydrous  cesium  metaniobate  at 

various  temperatures  (indicator  niobium-95)  various  ternperatures  (indicator  niobium -95) 


Temper¬ 

ature 

Solubility  (mg/ 

100  ml) 

Solubility 
(moles/ 1 ) 

Temper¬ 

ature 

Solubility  (mg/ 

100  ml) 

Solubility 
(moles/  1) 

1st 

cxpt. 

2nd 

expt. 

mean 

value 

1st 

expt. 

2nd 

expt. 

mean 

value 

0* 

1.8 

2.2 

2.0 

9.0-10“® 

0* 

2.35 

2.45 

2.40 

8.6-10“® 

25 

2.7 

2.5 

2.6 

1.11-  lO”** 

25 

2.45 

2.45 

2.45 

8.7-10“® 

50 

5.0 

4.9 

5.0 

221-10”'* 

50 

4.34 

4.11 

4.23 

1.5-10“* 

75 

7.5 

7.5 

7.5 

3.3-10”^ 

75 

6.31 

6.13 

6.22 

2.3-10“* 

100 

10.4 

10.4 

10.4 

4.6-10“* 

100 

7.65 

7.82 

7.74 

2.8-10“* 

TABLE  9 


Solubility  polytherms  of  metaniobstes  of  the  alkali  metals 


Compound 

Solubility  of  meuniobates  of  the  alkali  metals 

0* 

25* 

50* 

75* 

100* 

LiNbO, 

2.3-10“* 

2.8-10“* 

4.3-10“* 

6.0-10“* 

7.4- 10“* 

NaNbO, 

4.3  - 10“* 

5.9-10“* 

1.6-10“* 

3.7-  10-* 

7.4- 10-* 

KNbO, 

7.4- 10“* 

00 

o 

4.4- 10“* 

9.5-  10-* 

1.3-10“* 

RbNbO, 

9.0-10“® 

1.1-10“* 

2.3-10“* 

CO 

O 

1 

4.5-10“* 

CsNbO, 

1 

o 

<D 

00 

8.7-10”® 

1.5-10“* 

2.3-10“* 

1 

o 

00 

ci 

On  comparing  the  solubility  of  the  metaniobates  of  the  alkali  metals  (Fig.  9)  it  is  easily  seen  that 
cesium  metaniobate  has  the  lowest  solubility.  The  solubility  of  the  other  metaniobates  increases  in  the  fol¬ 
lowing  order:  rubidium  metaniobate,  lithium  metaniobate,  sodium  metaniobate  and,  finally,  potassium 
metaniobate. 


SUMMARY 

1.  The  solubility  of  the  alkali  metal  metaniobates  vras  stuided  at  25,  50,  75,  100*. 

2.  It  was  established  that  the  solubility  of  these  salts  is  low  and  decreases  in  the  following  order: 
potassium  metaniobate,  sodium  metaniobate,  lithium  metaniobate,  rubidium  metaniobate,  cesium  meta¬ 
niobate. 

The  solubility  products  of  all  the  investigated  salts  were  calculated  at  25*. 
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INVESTIGATION  OF  THE  SOLUBILITY  OF  ANHYDROUS 


METATANTALATES  OF  THE  ALKALI  METALS 
A.  V.  Lapitsky,  B.  A.  Stepanov  and  M.  A.  Pchelkina 

Anhydrous  metatantalates  of  the  alkali  metals  are  poorly  soluble  in  water  and,  as  we  have  shown  [1], 
their  saturated  solutions  at  25"  are  characterized  by  low  electrical  conductivity.  The  absence  from  the  liter¬ 
ature  of  any  data  on  the  solubility  of  metatantalates  of  the  alkali  metals  induced  us  to  carry  out  an  investi¬ 
gation  of  this  aspect. 

Due  to  the  poor  solubility  of  the  salts,  we  resorted  to  the  use  of  radioactive  indicators. 

EXPERIMENTAL 

1.  Starting  substances,  a)  Tantalum  pentoxide.  The  preparation  of  tantalum  pentoxide  from 

"tantaloniobic"  residues  has  already  been  described  [i3.  After  purification  and  separation,  the  tantalum 
pentoxide  was  sufficiently  pure  and  contained  less  than  O.S^t  niobium  pentoxide;  element  impurities  did 
not  exceed  O.S^*. 

b)  Chlorides  of  the  alkali  metals.  The  chlorides  used  in  this  research  were  chemically  pure  grades 
and  were  not  further  purified. 

c)  Carbonates  of  the  alkali  metals.  The  carbonates  of  lithium,  sodium  and  potassium  were  chemi¬ 
cally  pure  grades.  The  carbonates  of  rubidium  and  cesium  were  prepared  from  their  chlorides  as  previously 
described  [1]. 

2.  Radioactive  indicators,  a)  Tantalum -182.  We  had  at  our  disposal  a  small  tantalum  lamina  con¬ 
taining  tantalum-182.  The  formation  of  other  isotopes  capable  of  contaminating  the  tantalum-182  was  im¬ 
probable;  we  therefore  did  not  purify  it  further, 

b)  Sodium -24,  potassium -42,  rubidium -86  and  cesium -134  were  at  our  disposal  mainly  in  the  form 
of  chlorides.  It  was  necessary  to  purify  the  salts  from  a  possible  impurity  (phosphorus- 32)  even  though  this 
was  present  in  traces.  Purification  was  effected  by  reprecipitation  of  the  salts  from  their  saturated  solutions 
by  passing  a  stream  of  hydrogen  chloride.  Purification  was  not  carried  out  when  we  had  a  supply  of  the 
carbonate  of  the  active  metal  (sodium -24  and  potassium -42). 

3.  Preparation  of  active  tantalum  pentoxide.  Small  pieces  of  tantalum  foil  were  dissolved  in  a  mix¬ 
ture  of  equal  volumes  of  concentrated  nitric  and  hydrofluoric  acids.  Starting  from  a  known  activity  of  the 
prepared  solution,  a  solution  of  tantalum  fluoride  in  hydrofluoric  acid  was  obtained,  and  to  this  was  added  a 
fluoride  solution  containing  labeled  tantalum.  Tantalum  pentoxide  was  precipitated  with  ammonia;  after 
washing  on  the  filter  with  5%  ammonium  nitrate  solution,  it  was  calcined  in  a  muffle  furnace  at  800". 

4.  Synthesis  of  active  metatantalates  of  the  alkali  metals.  Two  methods  were  employed,  a)  Active 

tantalum  pentoxide,  thoroughly  stirred  with  an  equimolar  amount  of  the  carbonate  of  the  alkali  metal  and 
with  sodium  fluoride  (as  flux),  was  heated  for  4-6  hours  at  800-850*  in  a  crucible  furnace.  After  cooling, 
the  sintered  product  was  treated  with  water  for  removal  of  the  sodium  fluoride. 

b)  Tantalum  pentoxide  was  mixed  with  the  chloride  of  the  active  alkali  metal  in  the  ratio  of  1:2, 
i.e.  corresponding  to  the  equation:  2MeCl  +  Ta^O^  +  l/2Pi  =  2MeTa08  +  Clg.  The  mixture  was  heated 
4  hours  at  800°.  Unreacted  metallic  chloride  was  removed  by  washing  with  distilled  water. 

A  proportion  of  the  prepared  salts  was  used  as  standards.  The  latter  were  prepared  in  the  following 
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manner.  A  thin  layer  of  petroleum  jelly  was  spread  on  a  piece  of  tracing  paper  which  was  then  weighed;  the 
finely  pulverized  active  salt  was  then  uniformly  spread  over  the  layer  of  petroleum  jelly  and  the  weight  of 
the  tracing  paper  +  salt  was  determined.  The  standard  was  covered  with  an  identical  piece  of  tracing  paper 
which  was  stuck  down  at  the  edges.  Measurements  were  performed  with  the  usual  beta -tube;  for  elimination 
of  errors  due  to  non-uniformity  of  the  layer  of  standard,  the  latter  was  turned  several  times  through  an  angle 
of  90*  while  in  the  holder.  The  value  obtained  by  dividing  the  sum  of  all  these  measurements  by  the  number 
of  90*  turns  was  taken  as  the  result. 

We  did  not  introduce  a  correction  for  autoabsorption  since  all  our  isotopes  were  characterized  by  high 
energies  of  beta-particles  [3]. 

5.  Determination  of  solubility  of  metatantalates  of  the  alkali  metals.  A  weighed  quantity  of  about 
500  mg  of  the  salt  was  placed  in  the  solubility  determination  cell  and  distilled  water  was  poured  over  it. 

The  contents  of  the  cell  were  stirred  in  a  thermostat  at  constant  temperature  until  equilibrium  was  reached; 
the  temperature  of  the  thermostat  was  constant  to  +  0.1*.  Equilibrium  was  generally  reached  after  about 
6  hours,  as  was  also  confirmed  by  the  slow  disappearance  of  supersaturation.  To  be  quite  certain  that  equil¬ 
ibrium  had  been  reached,  we  stirred  for  12  hours  at  a  stirrer  velocity  of  200  r.p.m. 

The  solubilities  of  the-salts  were  determined  at  0,  25,  50,  75  and  100*.  Samples  were  withdrawn  after 
the  contents  of  the  cell  had  been  held  at  a  given  temperature  for  30  minutes.  It  should  be  noted  that  cloudy 
liquids  which  settled  with  difficulty  were  formed  in  all  cases;  complete  settlement  was  not  effected  even 
after  more  than  20-30  hours.  Due  to  this,  we  decided  to  centrifuge  the  withdrawn  samples  while  applying 
the  necessary  precautions  as  described  previously  ['".nj.  Filters  were  wetted  with  the  transparent  supernatant 
liquids;  after  drying,  these  were  inserted  in  tracing  paper  envelopes  and  measured  in  the  counter.  Since 
measurements  of  the  samples  and  standards  were  carried  out  simultaneously,  it  was  unnecessary  to  introduce 
corrections  for  fall  in  activity  with  passage  of  time. 

The  solubilities  of  metatantalates  of  sodium,  potassium,  rubidium  and  cesium  were  determined  not 
only  when  using  tantalum-182  but  also  with  radioactive  isotopes  of  the  respective  alkali  metals.  The  solu¬ 
bility  of  lithium  metatantalate  could  be  determined  only  with  tantalum-182,  due  to  the  lack  of  a  long-lived 
lithium  isotope[0].  Solubility  data  for  the  salts  are  set  forth  in  Tables  1-9. 


TABLE  1 


TABLE  2 


Solubility  of  anhydrous  lithium  metatantalate  at 
_ carious  temperatures- _ 


Solubility  of  anhydrous  sodium  metatantalate  at 
..  .  various ^temperatqrea  (indicator  sodium-24) 


Temper¬ 

ature 

Solubi:A\f 

Solubility 
(mole/1 ) 

Temper¬ 

ature 

sdubilitvuii  ■  /  100m  D 

1 

Sohibility 
(mole,'  1) 

1st  sam¬ 
ple 

2n:’.  sam¬ 
ple 

Mean 

1st  sam¬ 
ple 

IS9H 

0* 

1.26 

1.17 

1.21 

5.14- 10”® 

0* 

1.17 

1.19 

1.18 

4.69  •  10“ 

25 

2.41 

2.53 

2.47 

1.05-10”'* 

25 

1.39 

1.35 

1.37 

5.45-10” 

50 

5.30 

5.50 

5.40 

2.29*  10”'* 

50 

2.78 

2.69 

2.73 

1.09- 10” 

75 

9.28 

8.67 

8.97 

3.81- 10”'* 

75 

5.49 

5.49 

5.49 

2.18-10 

100 

11.71 

12.29 

12.00 

5.09-10”'* 

100 

11.03 

11.07 

11.05 

4.39-10” 

The  activity  of  the  specimens  was  400  to  1200  imp./ min.,  giving  a  relative  error  of  the  measure¬ 
ments  of  0.06—0.05  [£]. 

A  comparison  of  the  solubilities  of  sodium  metatantalate  found  with  the  help  of  sodium-24  and  tan¬ 
talum-182  readily  reveals  that  the  process  of  solution  is  accompanied  by  passage  into  solution  of  equal 
amounts  of  sodium  and  tantalate  ions.  On  the  basis  of  this  observation  we  can  calculate  the  solubility  pro¬ 
duct  of  sodium  metatantalate: 

SP  =  [Na"^  ]  [Ta03~]  =  [5.47  •  10”®]  [5.47  •  10”®  ]  =  2.99  *  10“®. 

On  the  basis  of  data  for  the  solubility  of  potassium  tantalate  at  25*,  SP  =  2.37  •  10“*. 

Taking  the  solubility  of  anhydrous  mbidium  metatantalate  at  25*  to  be  3.84*  10”®  mole/ 1 ,  SP  = 

=  1.47- 10-®. 
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TABLE  3 


Solubility  of  anhydrous  sodium  metatantalate  at 
various  temperatures  (indicator  tantalum- 182) 


Temper¬ 

ature 

Mean 

Solubility 
(mole/  1) 

2nd  sam¬ 
ple 

0- 

1.20 

1.18 

4.69*  10“  ® 

25 

1.42 

1.34 

1.38 

5.47*  10“® 

50 

2.74 

2.80 

2.77 

1.10-  lO”'* 

75 

5.54 

5.48 

5.51 

2.19*  lO”"* 

100 

10.96 

11.08 

11.02 

4.38*  10"  ■* 

TABLE  5 


Solubility  of  anhydrous  potassium  metatantalate  at 
various  temperatures  (indicator  tantalum -182) 


Temper¬ 

ature 

Solubility 
(mole/  1) 

1st  sam¬ 
ple 

2nd  sarxi- 
ple 

Mean 

0* 

1.12 

1.19 

1.16 

4.32-10“® 

25 

1.35 

1.24 

1.30 

4.85*10“® 

50 

3.34 

3.28 

3.32 

1.23*10—* 

75 

7.81 

7.64 

7.73 

2.87*  10“* 

100 

13.38 

13.00 

13.19 

4.92-10“* 

TABLE  4 


Solubility  of  anhydrous  potassium  metatantalate  at 
various  temperatures  (indicator  potassium-42) 


Temper- 

Solubility 

ature 

1  1st  sam-| 
pie 

2hd‘sam- 

ple 

Mean  j 

(mole/ 1) 

0* 

1.17 

1.16 

1.17 

4.36-10“ 

25 

1.31 

1.30 

1.31  j 

4.89-10“ 

50 

3.31 

3.19 

3.25 

1.21-10“ 

75 

7.79 

7.72 

7.75 

2.89-10“ 

100 

13.24 

12.77 

13.00 

1  4.86-10“ 

TABLE  6 


Solubility  of  anhydrous  rubidium  metatantalate  at 
various  temperatures  (indicator  rubidium-86) 


Temper¬ 

ature 

Solubility 
(mole/  1 ) 

1st  sam-! 
pie 

2nd  sam¬ 
ple  ! 

Mean 

0* 

1  0.96 

0.96 

0.96 

j  3.05-10“® 

25 

1  1.21 

1.21 

1.21 

1  3.85-10“® 

50 

1  2.70 

2.74 

2.72 

8.65-10“® 

75 

6.04 

6.32 

'  6.18 

1.97-10“* 

100 

1  8.42 

8.73 

18.58 

1  2.73- 10“* 

TABLE  7 


Solubility  of  anhydrous  rubidium  metatantalate  at 
various  temperatures  (indicator  tantalum- 182) 


Temper¬ 

ature 

Solubility(m2/lCQTil 

Mean 

Solubility 
(mole/1 ) 

1st  sam¬ 
ple 

2nd  sam¬ 
ple 

0* 

0.98 

1.00 

0.99 

25 

1.17 

1.15 

1.16 

3.83- 10“® 

50 

2.66 

2.82 

2.74 

8.66-10“® 

75 

6.15 

6.17 

6.16 

KSQI 

100 

8.54 

8.62 

8.58 

TABLE  8 


Solubility  of  anhydrous  cesium  metatantalate  at 
various  temperatures  (indicator  cesium-134) 


Temper¬ 

ature 

So  lubi  li  ty(m  g/ IDCtri^ 

Mean 

Solubility 
(mole/1 ) 

1st  sam¬ 
ple 

2nd  sam- 

_ 

0* 

1.01 

25 

1.08 

1.16 

1.12 

50 

1.66 

1.58 

1.62 

75 

4.16 

4.12 

1.13*  10“* 

4.68 

4.82 

4.75 

1.31*  10“* 

O 


A 

Ivse: 


TABLE  9 


Solubility  of  cesium  metatantalate  at  various 
temperatures  (indicator  tantalum-182) 


Temper¬ 

ature 

Solubility 
rme/  100  mil 

— 

Solubility 
(mole/  1) 

Tst  sam¬ 
ple 

Mean 

0* 

0.98 

1.02 

1.00 

2.83-10“® 

25 

1.10 

1.12 

1.11 

3.07- 10"® 

50 

1.60 

1.66 

1.63 

4.50-10“® 

75 

4.16 

4.04 

4.10 

1.13  •10“'* 

100 

4.74 

4.76 

4.75 

1.31-10“* 

TABLE  10 


Compound 

studied 

■  - : - ■ - - - 

Solubility  (mole/  1) 

0* 

25* 

50* 

75* 

100* 

LiTaOj 

5.14- 10“® 

1.05-10“* 

2.29  - 10-* 

3.81-10“* 

5.09-10“* 

NaTaC^ 

4.69- 10-® 

5.46- 10- ® 

1.10- 10“* 

2.19- 10-* 

2.39- 10- * 

KTatD, 

4.34- 10-® 

4.87-  10-® 

1.22-10“* 

2.88-10“* 

4.89-10“* 

RbTaO, 

3.06- 10-® 

3.84- 10“® 

8.66-  10“® 

1.97-10“* 

2.73- 10-* 

CsXdOg 

2.83- 10-® 

3.08-10“® 

4.49-10“® 

1.13-10“* 

1.31-10“* 

SUMMARY 


1.  The  solubility  polytherms  of  the  metatantalates  of  the  alkali  metals  were  studied  in  the  temper¬ 
ature  range  of  0  to  100*. 

2.  It  was  observed  that  the  solubility  of  alkali  metal  metatantalates  falls  off  with  rising  atomic 
weight  of  the  element, 

3.  The  25*  solubility  data  served  as  a  basis  for  calculation  of  the  solubility  products  of  the  anhydrous 
metatantalates  of  the  alkali  metals. 
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TERNARY  SYSTEMS  WITH  LAYERING  WITHOUT  FORMATION 


OF  CHEMICAL  COMPOUNDS 
I.  L.  Krupatkin 


Among  the  ternary  systems  with  equilibruim  between  the  liquid  phases,  special  attention  is  merited 
by  those  which  contain  two  binary  layered  systems.  This  is  because  in  those  ternary  systems  it  very  often 
happens  that  the  regions  of  layering  extending  from  the  boundaries  of  the  binary  systems  inside  the  prism  of 
the  ternary  system  form  in  it  a  single  surface  of  layering  of  the  ternary  system.  This  surface  occupies  the 
whole  of  the  concentration  range  facing  the  binary  homogeneous  system,  so  that  it  can  reflect  the  interaction 
between  the  components  of  the  investigated  homogeneous  system  throughout  the  whole  of  its  concentration 
range. 

The  literature  contains  examples  of  studies  of  ternary  systems  with  two  binary  layerings[l-^  the  ma¬ 
jority  of  these,  however,  appear  to  be  variants  of  the  special  case  in  which  intensive  chemical  interaction 
or  even  formation  of  chemical  compounds  occurs  in  the  binary  homogeneous  system  of  the  given  three-com¬ 
ponent  system.  Inadequate  study  has  hitherto  been  made  of  cases  in  which  interaction  is  very  weak  and  com¬ 
pounds  are  not  formed  in  the  binary  homogeneous  system  of  a  given  ternary  system  with  two  binary  layerings. 
Only  a  few  isolated  examples  of  such  systems  can  be  found  in  the  literature  [5].  Nevertheless,  it  is  generally 
assumed,  when  describing  liquid-phase  equilibria,  that  in  ternary  systems  with  two  binary  layerings  without 
chemical  interaction  between  the  components,  the  layering  curves  approximate  straight  lines. 

In  order  to  check  this  assumption,  a  special  study  has  now  been  made  of  the  problem  with  reference 
to  a  series  of  ternary  systems  satisfying  the  specified  conditions.  These  have  been  investigated  for  their 
layering  characteristics,  and  the  experimental  equilibrium  curves  for  the  liquid  phases  have  been  evaluated. 

EXPERIMENTAL 

The  following  four  three- component  systems  were  examined  in  connection  with  the  study  of  the  forms 
of  the  liquid-phase  equilibria  curves;  water— isoamyl  alcohol— tertiary  isoamyl  alcohol,  water— o-toluidine 
—  aniline,  glycerol— o-toluidine—  diethylaniline,  glycerol—  furfural—  benzaldehyde. 

In  the  first  two  systems  the  water,  alcohols  and  amines  gave  layering;  in  the  second  pair  of  systems  the 
glycerol  layered  with  the  amines  and  aldehydes.  Consequently,  each  of  these  ternary  systems  contains  two 
binary  systems  which  layer.  Concerning  the  binary  homogeneous  systems  entering  into  the  given  ternary  sys¬ 
tems,  they  are  formed  in  the  first  ternary  system  with  the  alcohols,  in  the  second  and  third  systems  with  amines, 
and  in  the  fourth  system  with  the  aldehydes;  no  chemical  compounds  are  formed  between  the  constituents  of 
the  organic  compounds  involved.  Thus  all  four  three -component  systems  selected  for  investigation  satisfy 
the  necessary  conditions,  namely  that  they  are  ternary  systems  with  two  binary  layerings  without  formation  of 
chemical  compounds  in  the  three  binary  homogeneous  systems. 

The  investigation  was  conducted  by  the  isothermal  method  [6]  in  ampoules  with  ground-glass  stoppers 
in  a  water  thermostat.  Mixtures  of  the  homogeneous  binary  system  of  the  required  composition  were  charged 
into  an  ampoule,  and  at  a  specified  constant  temperature  they  were  titrated  with  the  third  component  until 
turbidity  developed.  The  compositions  of  the  points  of  the  isotherms  were  then  calculated  on  the  basis  of  the 
amounts  of  the  components  by  weight. 

The  following  substances  were  used;  The  alcohols  were  distilled  and  the  isoamyl  alcohol  fraction  boil¬ 
ing  at  114*  and  the  tertiary  amyl  alcohol  fraction  boiling  at  102*  were  collected.  The  amines  were  also  dis¬ 
tilled  and  the  o-toluidine  fraction  boiling  at  200®,  the  aniline  fraction  boiling  at  184*  and  the  diethylaniline 
fraction  boiling  at  216*  were  collected.  The  water  was  twice  distilled.  The  glycerol  was  pharmacutical 
grade  with  b.  p.  290".  The  aldehydes  were  rectified  and  a  furfural  fraction  coming  over  at  162*  and  a 


benzaldehyde  fraction  coming  over  at  179*  were  collected. 

In  the  ternary  system  formed  by  the  alcohols  with  water,  the  layering  isotherms  were  studied  from  both 
sides  of  the  surface  of  equilibrium  between  the  liquid  phases.  In  the  remaining  ternary  systems  the  layering 
isotherms  were  studied  only  from  one  side  of  the  surface  in  question  due  to  the  very  poor  solubility  of  the 
amines  in  water  and  glycerol,  and  of  the  aldehydes  in  glycerol. 

Ternary  system  water— isoamyl  alcohol— tertiary  isoamyl  alcohol  was  studied  at  20  and  50*.  In  addi¬ 
tion  to  titration  with  water  of  the  pure  alcohols,  mixtures  of  the  alcohols  containing  10,  20,  30,  40,  50,  60, 
70,  80  and  isoamyl  alcohol  were  also  titrated.  The  solubility  of  the  alcohols  and  their  50^0  mixture  in 
water  was  also  investigated  (Table  1  and  2,  Fig.  1).  The  data  show  that  at  20*  the  solubility  of  water  in  the 
two  isoamyl  alcohols  is  fairly  high  and  nearly  the  same  for  both  alcohols  -  of  the  order  of  14<7o;  isoamyl  al¬ 
cohol  is  slightly  less  soluble  than  the  second  alcohol.  By  contrast  the  solubility  of  the  alcohols  in  water  at 
the  same  temperature  is  considerably  lower;  as  in  the  former  case  the  solubility  of  isoamyl  alcohol  (6.20^o) 
is  a  little  lower  than  that  of  tertiary  isoamyl  alcohol  (9.23%).  In  this  system  the  temperature  profoundly  in¬ 
fluences  the  reciprocal  solubility  of  the  components  and  their  mixtures.  However,  this  influence  is  not  the 
same  for  both  alcohols.  With  temperature  rise  from  20  to  50*  the  solubility  of  isoamyl  alcohol  increases  to 
4%,  and  that  of  tertiary  isoamyl  alcohol  falls  to  6%.  Fig.  1  shows  that  the  solubility  isotherms  are  curves 
with  negative  deviation.  This  may  be  the  consequence  of  dissociation  in  water  of  the  associated  molecules 
of  the  alcohols  into  simple  niolccules.  Fig.  1  indicates  that  the  deviation  increases  with  rising  temperature, 
corresponding  to  increasing  dissociation  of  the  associated  molecules  of  alcohols  with  rising  temperature. 


TABLE  1 


Composition  of  the  poi."ts  cf  the  isethcniis.  c>f  sc-lubil'ty  i  f.  water  in  iscainyl  and  tertiary  isoamyl  alcohols 
and  their  mixtures 


Content  (in  weight- %) 


Content  (in  weight- %) 


of  water  isoamyl  alcohol 


tertiary  isoamyl  i  of  water  j  isoamyl  alcohol  j  tertiary  isorrayl 
alcohol  !  I  alcohol 


The  ternary  system  water— o-toluidine— aniline  was  studied  at  20  and  60*.  Apart  from  the  individual 
amines,  titration  with  water  was  effected  of  their  mixtures  containing  10,  20,  30,  40,  50,  60,  70,  80  and  907o 
aniline  (Table  3,  Fig.  2).  At  20*  the  solubility  of  water  in  the  amines  and  their  mixtures  is  low  -  of  the 
order  of  5-6%;  that  of  o-tcluidine  is  higher  than  that  of  aniline.  With  rise  of  temperature  from  20  to  50*  the 
solubility  of  water  increases  slightly  to  6-8%,  the  increase  again  being  slightly  greater  with  o-toluidine  than 
with  aniline.  Consequently  in  this  system  the  temperature  has  an  insignificant  influence  upon  the  mutual 
solubility  of  the  components  and  their  mixtures.  It  is  noteworthy,  as  shown  by  Fig.  2,  that  in  this  ternary 
system  the  solubility  isotherms  are  substantially  straight  lines. 


TABLE  2 


yi/ojUr 


Composition  of  points  of  the  isotherm  of  solubility  of 
isoamyl  and  tertiary  isoamyl  alcohols  and  their  mix¬ 
tures  in  water  at  20". 


Content  (weight-%) 

of  water 

isoamyl  alcohol 

tertiary  isoamyl 
alcohol 

90.77 

0.00 

9.23 

93.12 

3.44 

3.44 

93.80 

6.20 

0.00 

The  ternary  system  -  glycerol  -  o-toluidine  - 
diethylaniline  was  investigated  at  18*.  In  this  system 
apart  from  the  pure  amines,  titration  with  glycerol 
was  also  effected  of  their  mixtures  containing  10,  20,  30 
30,  40,  50,  60,  70,  80,  and  dO'lo  diethylaniline  (Table  4, . 
Fig.  The  data  of  Table  4  show  that  the  solubilities 
of  glycerol  in  diethylaniline  and  in  o-toluidine  differ 
markedly.  In  diethylaniline  the  solubility  is  not  more 
than  l°lo,  whereas  in  o-toluidine  it  reaches  lO^o.  From 
Fig.  3.  we  see  that  the  solubility  isotherm  of  this  ternary  system  is  almost  rectilinear  with  a  small  nega¬ 
tive  deviation. 


Fig.  1.  Isotherms  of  solubility  of  the  ternary 
system  water  -  isoamyl  alcohol  -  tertiary 
isoamyl  alcohol  at  20  and  50". 


The  ternary  system  glycerol  -  furfural  -  benzaldehyde  was  studied  at  20  and  50".  At  these  temp¬ 
eratures  titrations  with  glycerol  were  carried  out  both  on  the  individual  aldehydes  and  on  their  mixtures 
containing  10,  20,  30,  40,  50,  60,  70,  80,  and  90%  benzaldehyde  (Table  5,  Fig.  4). 


TABLE  3 


TABLE  4 


Composition  of  points  of  the  isotherms  of  solubility  of  water 
in  aniline  and  o-toluidine  and  their  mixtures 


Content  (weight  %) 

Content  (weight  %) 

of  aniline 

o-toluidine 

water 

of  aniline 

o-toluidinej  water 

20" 

50" 

0.00 

93.77 

6.23 

0.00 

92.23 

7.77 

9.39 

84.54 

6.07 

9.24 

83.19 

7.57 

18.86 

75.41 

5.73 

18.50 

74.02 

7.48 

28.32 

66.03 

5.65. 

27.78 

64.80 

7.42 

37.96 

56.97 

5.07 

37.16 

55.78 

7.06 

47.50 

47.47 

5.03 

46.70 

46.73 

6.57 

57.60 

38.17 

4.23 

56.28 

37.57 

6.16 

66.71 

28.60 

4.69 

65.73 

28.16 

6.11 

76.24 

19.05 

4.71 

75.44 

18.84 

5.72 

85.68 

9.54 

4.78 

84.69 

9.43 

5.88 

95.00 

0.00 

5.00 

93.85 

0.00 

6.15 

Composition  of  points  of  the  isotherm 
of  solubility  of  glycerol  in  o-toluidine 
and  diethylaniline  and  their  mixtures 
at  18" 


Content  (weight  %) 


of  diethyl¬ 
aniline 

of  o-toluid¬ 
ine 

of  glycer¬ 
ol 

0.00 

89.94 

10.06 

9.22 

82.98 

7  80 

18.76 

75.05 

6.19 

28.35 

66.15 

5.50 

37.82 

56.74 

5.44 

47.72 

47.72 

4.56 

57.83 

38.55 

3.62 

68.15 

29.20 

2.65 

78.62 

19.66 

1.72 

88.52 

9.84 

1.64 

98.96 

0.00 

1.04 

.so 


’^20 


Amline 


o-ToLviidJhe 


Fig.  2.  Isotherms  of  solubility  of  the  ternary  system  water  —  o-toluidine  —  aniline  at  20  and  50". 
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/8 


o-ToLmdjkt* 


Fig.  3.  Isotherm  of  solubility  of  the  ternary  system  glycerol  -  o-toluidine  -  diethylaniline  at  18°. 
TABLE  5 


Compositions  of  points  of  the  isotherms  of  solubility  of  glycerol  in  furfural  and  benzaldehyde  and  their 
mixtures 


Content  (in  weight-%)  | 

Content  (in  weight-'lfc) 

of  glycerol  | 

1  of  furfural 

1  of  furfural 

20° 

50° 

6.20 

0.00 

93.80 

6.60 

0.00 

93.40 

4.60 

9.54 

85.86 

5.40 

9.46 

85.14 

4.80 

19.04 

76.16 

5.70 

18.86 

75.44 

5.60 

28.32 

66.08 

7.40 

27.78 

64.82 

6.50 

37.40 

56.10 

8.10 

36.76 

55.14 

6.20 

46.90 

46.90 

8.60 

45.70 

45.70 

6.70 

55.98 

37.32 

8.90 

54.66 

36.44 

6.60 

65.38 

28.02 

9.40 

63.42 

27.18 

6.90 

74.48 

18.62 

9.40 

72.48 

18.12 

6.50 

84.15 

9.35 

9.00 

81.90 

9.10 

6.10 

93.90 

0.00 

6.90 

93.10 

0.00 

Mr]\xrt\i.  Btnzatdehi^it 

Fig.  4.  Solubility  isotherms  of  the  ternary  system  glycerol  —  furfural  —  benzaldehyde  at  20  and  50°. 


Table  5  shows  that  the  solubility  of  glycerol  in  both  aldehydes  (and  their  mixtures)  at  20°  are  very 
similar  and  of  the  order  of  6'7o.  With  rise  of  temperature  to  50°  the  solubility  of  glycerol  in  the  individual 
aldehydes  increases  to  a  very  slight  extent  '-not  more  than  several  tenths  of  a  percent.  In  mixtures,  how¬ 
ever,  especially  those  with  a  high  benzaldehyde  content,  rising  temperature  is  accompanied  by  a  marked 
rise  in  solubility  to  a  figure  of  9.4*70.  Consequently,  in  this  system  the  temperature  influences  not  so  much 
the  solubility  of  glycerol  in  the  individual  aldehydes  as  the  solubility  in  their  mixtures.  Fig.  4  shows  that 
the  isotherms  of  solubility  in  this  ternary  system  are  curves  with  a  slight  positive  deviation  which  becomes 
more  marked  at  higher  temperatures. 

From  the  foregoing  experimental  material  we  can  draw  conclusions  about  the  character  of  the  iso¬ 
therms  of  equilibrium  between  the  liquid  phases  in  ternary  systems  with  two  binary  layerings  without  for¬ 
mation  of  chemical  compounds  in  the  binary  homogeneous  systems  entering  into  the  ternary  systems.  In 
ternary  systems  of  this  type  three  forms  of  isothermal  curves  without  any  singular  points  ate  actually  en¬ 
countered.  These  solubility  isotherms  are  either  straight  lines  (system  water  -  o-toluidine  -  aniline)  or 
positively  deviating  curves  (system  glycerol  —  furfural  -  benzaldehyde)  or  negatively  deviating  curves  (sys¬ 
tems  water  -  isoamyl  alcohol  -  tertiary  isoamyl  alcohol  and  glycerol  -  o-toluidine  -  diethylaniline).  On 
all  these  curves  the  solubility  changes  smoothly  between  the  points  of  solubility  of  the  third  component  in 
the  components  of  the  homogeneous  system  without  formation  of  any  singular  points  on  the  isotherms.  The 
deviations  of  the  solubility  curves  from  rectilinearity  are  due,  as  explained  above,  to  processes  of  association 
and  dissociation  of  the  components  of  the  systems. 
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SUMMARY 


1.  A  study  was  made  of  the  liquid- phase  equilibria  in  ternary  systems  containing  two  binary  layerings 
without  formation  of  chemical  compounds  in  the  third  binary  homogeneous  system:  water  -  isoamyl  alcohol  — 
tertiary  isoamyl  alcohol,  water  -  o-toluidine  -  aniline,  glycerol  -  o-toluidine  -  diethylaniline,  glycerol  -  fur¬ 
fural  —  benzaldehyde. 

2.  It  was  found  that  in  ternary  systems  of  this  type,  the  following  three  forms  of  isothermal  curves  of 
solubility  are  encountered:  straight  lines  (system  water  —  o-toluidine  -  aniline),  curves  with  positive  devia¬ 
tion  (system  glycerol  —  furfural  —  benzaldehyde),  and  curves  with  negative  deviation  (systems  water  —  isoamyl 
alcohol  -  tertiary  isoamyl  alcohol  and  glycerol  -  o-toluidine  —  diethylaniline). 

3.  It  was  shown  that  in  ternary  systems  of  the  indicated  type  the  deviation  of  the  solubility  isotherms 
from  rectilinearity  is  due  to  dissociation  of  the  associated  molecules  of  the  componenu  of  the  systems  into 
simple  molecules. 
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THE  TERNARY  RECIPROCAL  SYSTEM  OF  THE  FLUORIDES  AND 


SILICATES  OF  LITHIUM  AND  CALCIUM 
A,  G.  Bergman  and  N.  A.  Bychkova 


The  investigation  of  the  reciprocal  system  Li,  Ca  1  F,  SiOs  was  undertaken  with  the  objective  of  clari¬ 
fying  the  possibility  of  the  application  of  the  visual-polythermal  method  to  the  study  of  silicate  salt  and 
silicate  systems.  Up  to  now  silicate  systems  have  been  examined  by  the  rather  laborious  methods  of  quench¬ 
ing,  annealing,  etc.  which  are  not  always  trustworthy  and  unequivocal. 

EXPERIMENTAL 

The  investigation  was  carried  out  by  the  visual-polythermal  method  of  fusion.  The  crucible  and 
stirrer  were  of  platinum.  A  Pt  -  Pt/Rh  thermocouple  and  a  reflecting  scale  graduated  in  10  mV  were  used. 
The  liquidus  curves  were  determined  from  the  temperatures  of  appearance  and  disappearance  of  crystals; 
the  interval  between  them  was  reduced  to  a  minimum.  The  melting  point  was  taken  as  the  temperature 
mean  between  appearance  and  disappearance  of  crystals.  Fusion  was  effected  in  a  shaft  electric  furnace. 

The  fusion  temperature  was  up  to  1150  —  1200*.  The  inherent  radiance  of  the  furnace  and  of  the  melt  was 
suppressed  by  illumination  from  above  with  a  strong  light  beam  from  a  lamp  of  the  TR-4  type. 

LiF  and  CaFj  were  prepared  from  the  chemically  pure  carbonates  and  twice  distilled,  chemically 
pure  hydrofluoric  acid,  while  LijSiOs  was  prepared  by  sintering  and  then  fusion  of  chemically  pure  lithium 
carbonate  and  spectrally  pure  quartz  sand  in  a  Silit  furnace.  CaSiOs  was  added  during  the  operation  in  the 
form  of  chemically  pure  CaO  and  SiC^  (the  latter  got  by  calcination  of  silicic  acid).  Results  are  presented 
as  equimolar  percentages.  Part  of  the  experimental  material  has  been  omitted  from  the  tables  to  save  space. 

Binary  systems.  1.  L'gSiOs-CaSiOs  (Table  1,  Fig.  1).  Using  the  method  of  cooling  curve;  [1],  a 

eutectic  was  found  at  979"  and  43.7  mole-fj  CaSiOj;  according  to  our  data  the  eutectic  is  at  1024"  and  45.5 
mole-‘7o  CaSiOj.  The  character  of  the  reciprocal  system  Li,  Call  F,  SiOj  adjacent  to  the  LijSOs -CaSiCj 
side  confirms  the  correctness  of  our  results.  Due  to  the  high  refractoriness  of  the  components,  the  system 
was  studied  in  the  range  of  25  to  57.5‘7o  CaSiOj. 

TABLE  1 

System  Li2Si03-  CaSiOs 


C>3.SiO| 
(mole  ^o) 

Temperature 

OdSiOg 
(mole  °Jo) 

Temperature 

CaSiO, 
(mole  %) 

Temperature 

25 

1106" 

37 

1060" 

49 

1050" 

28 

1094 

40 

1046 

52 

1072 

31 

1082 

43 

1034 

55 

1100 

34 

1072 

46 

1027 

51.5 

1126 

2.  LitF;— Li2Si03  (Table  2,  Fig.  1).  Here  studied  for  the  firsttime;*  a  compound  was  detected,  mel¬ 
ting  with  decomposition,  with  the  suggested  formula  2LiF  •  LijSiOs  (arbitrarily  disignated  D).  The  eutectic 
corresponds  to  840"  and  5‘7oLi2Si03.’  A  polymorphic  transformation  of  L^SiOs  was  detected  at  986". 

3.  Li2F2-CaF2  (Table  3,  Fig.  1).  Previously  studied [2],  repeated  by  us.  The  system  has  a  eutectic 
at  769"  and  337<»  C  aF2. 


•  A.  G.  Bergman,  N.  A.  Bychkova  and  A.  K.  Nesterova [6]. 
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4,  CaF2— CaSi03,  Was  previously  studied  [3]  by  the  thermodynamic  method  of  plotting  of  cooling 
curves;  only  a  eutectic  at  1130“  and  48  mole-^CaFj  was  detected. 

We  did  not  study  this  system  due  to  its  refractoriness.  A  study  of  the  reciprocal  system  one  of  whose 
sides  is  the  system  CaFj-CaSiOs,  and  a  comparison  with  other  data  showed  that  it  was  most  probable  that 
in  the  reciprocal  system  (Figs.  3  and  8)  the  field  of  crystallization  (arbitrarily  designated  C)  corresponds 
to  a  compound  whose  composition  is  on  the  CaF2— CaSiOs  side  (the  composition  CaF2  •  2CaSi03  is  proposed). 
The  latter  accords  with  the  topological  data  of  the  reciprocal  system. 

Diagonal  sections.  Both  diagonal  sections  of  the  system  are  unstable  since  they  intersect  the  fields 
of  the  complex  compounds. 

1.  Li2F2— CaSi03  (Table  4,  Fig.  2)  was  studied  up  to  67.5%  CaSi03.  The  crystallization  curve  in¬ 
tersects  the  field  of  the  component  LiF  and  the  two  complexes  D  (2LiF  •  Li2Si03)  and  C  (CaF2  •  2CaSi03). 

The  branch  of  complex  D  is  horizontal,  indicating  the  identity  of  the  directions  of  the  diagonal  section 
And  of  the  isotherms  in  this  field.  Taking  into  account  the  outline  of  field  C  and  of  the  contiguous  field 
of  CaSi03  (Fig.  3),  we  must  conclude  that  the  diagonal  of  Li2F2— CaSi03  extends  from  field  C  to  the  field 
of  CaSi03. 


Fig.  3.  Arrangements  of  cross-sections  of  system  Li,Ca  //  F,  Fig.  4.  First  series  of  cross-sections 

Si03,  (Table  6). 

2.  Li2Si03-CaF2  (Table  5,*  Fig.  2).  In  the  region  examined  up  to  72.5%  CaF2,  this  section  has  three 
crystallization  branches.  The  branches  of  compound  C  (CaF2*  2CaSi03)  and  of  Li2Si03  intersect  at  872“  and 
44.5%  CaF2.'  At  986“  the  branches  of  the  a  -  and  6 -modifications  of  Li2Si03  intersect.  Judging  by  the  form 
of  the  CaF2/C  boundary  line  (Fig.  3),  the  diagonal  extends  from  the  field  of  the  complex  C  into  the  field 
of  the  component  CaF2. 

Internal  cross-sections.  24  internal  cross-sections  were  studied  (Fig.  3). 


»  Following  Table  6,  tables  in  this  article  do  not  appear  in  sequence. 
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Fig.  9.  Projection  of  the  curves  of  common  crys' 
tallization  on  the  CaF2~CaSi03  side. 

TABLE  13 


CaFj 

(mole 

%) 

Tem¬ 

per- 

atuie 

CaF2 

(mole*^) 

Tem¬ 

per¬ 

ature 

CaF2 

(mole‘7o) 

Tem¬ 

per¬ 

ature 

0 

1046* 

15 

982* 

32.5 

1025" 

2 

1030 

17.5 

982 

35 

1038 

4 

1015 

20 

982 

37.5 

1052 

6 

996 

22.5 

983 

40 

1068 

8 

982 

25 

983 

42.5 

1082 

10 

982 

27.5 

994 

45 

1100 

12.5 

982 

30 

1014 

47.5 

1115 

The  first  series  of  cross-sections  (I— VI) 
(Table  6,  Fig.  4)  permits  us  to  delineate  mainly 
the  fields  of  the  components  LiF  and  CaF-  and 
to  fix  the  boundaries  between  the  fields  of 
Li2SiC)3  and  complex  D  and  of  complex  C  and 
complex  D. 

Second  series  of  cross-sections  VII— XII 
(Table  9,  Fig.  5).  With  die  help  of  this  series 
of  sections  the  boundaries  of  the  LiF  and  CaF2 
fields  and  of  the  D  and  C  complexes  from  the 
side  of  the  LiF  and  CaF2  fields  were  established. 
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TABLE  7 


Temper-  j 
ature  i 

uT  uT 

cd  CO 

U  t  j  U 

• 

< 

79.5 

33.5 

O  u. 

u  v3  J 

CO  1 

U  CO 

Temper¬ 

ature 

815* 

988 

812 

|< 

41 

58.5 

13 

O  O  0 

CO  to  _  to  ,  ,  ,  ,  -4 

CO  CO  Q  CO  U  U  1 

U  U  U  a 

Temper¬ 

ature 

980* 

938 

850 

912 

892 

772 

820 

• 

< 

46.5 

47 

35 

48.5 

46.5 

35 

8 

n  r>  •>>  «*)  M 

2  2  2  9  9 

to  to  (75  to  to 

M  M  M  M  M  ^ 

3  12  J  3  a  D  Q 

1  1  1  1  1 

XA  CQ  *  CQ  QQ  <n 

Cross-section  I 


Li2  Si  O3 
(mole^lfo; 

Tem¬ 

per¬ 

ature 

Li2Si03 

(mole^o; 

Tem¬ 

per¬ 

ature 

Li2SiO^ 

(mole 

“/o) 

Tern  - 

per- 

ature 

0 

810“ 

22.5 

876* 

45 

976“ 

2.5 

811 

25 

885 

47.5 

984 

4.5 

810 

27.5 

894 

50 

1000 

7.5 

812 

30 

902 

52.5 

1016 

10 

810 

32.5 

908 

55.5 

1025 

12.5 

825 

35 

920 

57.5 

1037 

15 

840 

37.5 

938 

60 

1048 

17.5 

854 

40 

952 

20 

865 

42.5 

965 

TABLE  8 


Cross-section  V 


Li2Si03 

(mole 

7a) 

Tem¬ 

per¬ 

ature 

Li2  BiOj 
(mole 
7a) 

Tem¬ 

per¬ 

ature 

LijSiOj 

(mole 

7'>) 

Tem¬ 

per¬ 

ature 

0 

908“ 

29 

805* 

57.5 

974* 

2 

883 

31.5 

828 

60 

982 

4 

862 

34 

840 

62.5 

1003 

6.5 

840 

36.5 

852 

65 

1020 

9 

824 

39 

870 

67.5 

1036 

11.5 

805 

41.5 

885 

70 

1052 

14 

814 

44 

904 

72.5 

1065 

16.5 

814 

46.5 

916 

75 

1078 

19 

810 

48.5 

926 

77.5 

1090 

21.5 

804 

50 

936 

80 

1104 

24 

800 

52.5 

950 

25.5 

790 

55 

960 

Third  series  of  cross-sections  XIll— XVTl 
(Table  11,  Fig.  6)  defines  the  boundary  lines 
c'  between  the  fields  of  lithium  silicate  and  cal- 
g  cium  silicate  and  complex  C. 
a. 

E  In  cross-sections  XIII,  XV  and  XVI  the 

o 

^  crystallization  branches  have  a  horizontal 
.g  portion  which  indicates  that  the  course  of 
^  these  sections  coincides  with  the  isotherms 
*0  in  the  CaSi03  field, 
c 

iJ  Fourth  series  of  cross-sections  XVIII- 

c  - 

o  XXIV  (Table  14,  Fig.  7).  The  temperature 

^  limits  of  all  the  crystallization  fields  of  the 

2  system  are  accurately  delineated  with  the 

help  of  the  cross-sections  of  the  fourth  se- 

ties. 
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The  areas  of  the  crystallization  fields,  expressed  in  percentages  of  the  total  area  of  the  square  of  composi¬ 
tion  of  the  system,  are  set  forth  in  Table  17.  The  projection  of  the  points  and  lines  onto  the  CaF2-CaSi05  side 
is  represented  in  Fig.  9. 

The  system  contains  two  complexes.  One  of  them,  D  (2LiF*  LijSiOs),  starts  from  the  investigated  system 
Li2F2-Li|Si08:  the  other  is  assumed  to  start  from  the  CaFj-CaSi08  side.  Analysis  of  the  reciprocal  system  as  a 
whole  indicates  that  the  complex  (assumed  to  be  CaFj  •  2CaSiOs)  belongs  to  the  CaFj-CaSiOj  system.  These 
data  for  the  CaFj— CaSi08  system  eliminate  the  inconsistency  between  the  order  of  crystallization  of  slag*  as  in¬ 
dicated  by  microstructural  investigation  on  the  one  hand  [4]  and  by  phase  data  for  the  CaFj-CaSiOj  side  on  the 
other  hand  [3].  The  microstructural  data  for  the  order  of  crystallization  of  slag  are  fully  in  accord  with  out  hy¬ 
pothesis  of  the  character  of  the  CaFj-CaSiOs  system.  The  literature  [4]  contains  a  contradiction  between  micro- 
structural  data  for  the  order  of  crystallization  of  slag  and  the  composite  system  on  the  basis  of  the  data  for  the 
CaFj-CaSiOs  side  [3]. 

For  this  reciprocal  system  it  was  not  possible  to  calculate  the  standard  thermal  effect  of  the  exchange  re¬ 
action  due  to  the  lack  of  data  for  the  heat  of  formation  of  CaSiOj.  It  is  clear,  however,  that  it  could  not  have 
been  determined  in  the  direction  of  the  reaction  since  complex  formation  is  a  conspicuous  feature  in  the  system; 
consequently  none  of  the  diagonals  is  either  a  stable  or  a  triangulating  secant.  The  triangulation  scheme  of  the 
system  is  represented  in  Fig.  8.  Corresponding  to  the  triangle  1  is  the  invariant  eutectic  point  Ej  (758”);  II  is 
marked  by  the  transition  point  Pj  (766"),  III  by  point  (846*),  and  IV  by  P4(900*). 

According  to  the  classification  of  A.  G.  Bergman  and  G.  A.  Bukhalova  [5],  the  system  belongs  to  the 
adiagonal-belt  type  of  reversible-reciprocal  systems. 

SUMMARY 

1.  The  visual-polythermal  fusion  method  was  applied  to  an  investigation  of  the  liquidus  surface  of  binary 
systems  of  the  fluorides  and  silicates  of  lithium  and  calcium:  Li2F2-Li2Si03,  Li2Si08— CaSiOs,  Li2F2— CaF2,  and 
of  the  crystallization  surface  of  the  ternary  reciprocal  system  Li,  Ca  F,  SiOj. 

2.  The  crystallization  surface  of  the  reciprocal  system  consists  of  seven  crystallization  fields,  one  eutectic 
and  three  transition-invariant  points. 

3.  The  system  belongs  to  the  adiagonal-belt  typeoof  reciprocal  systems. 

4.  Investigation  by  the  visual-polythermal  method  of  this  system  and  of  a  series  of  other  systems  involving 
silicate  components  has  shown  the  complete  possibility  of  study  of  silicate  and  silicate-salt  systems  by  the  simple 
and  rapid  visual-polythermal  method. 
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DOUBLE  DECOMPOSITION  IN  THE  ABSENCE  OF  A  SOLVENT 
THE  RECIPROCAL  SYSTEM  OF  THE  SULFATES  AND  METABORATES  OF  LITHIUM  AND  POTASSIUM 

A.  G.  Bergman,  A.  I.  Kislova  and  V.  I.  Posypaiko 


We  have  previously  studied  the  system  of  the  tungstates  and  metaborates  of  lithium  and  potassium 
Li,  K  II  WO4,  BOj.  In  the  present  paper  we  submit  the  results  of  investigation  of  the  analogous  system  contain¬ 
ing  sulfate  in  place  of  tungstate  with  the  objective  of  comparing  two  systems  with  components  of  similar 
character. 


The  standard  thermal  effect  of  the  double  decomposition  reaction  could  not  be  calculated  because 
the  heats  of  formation  were  unknown;  for  the  same  reason  it  was  impossible  to  predict  the  direction  of  the  ex¬ 
change  reaction  and  the  scheme  of  the  phase  diagram. 

EXPERIMENTAL 

Binary  system.  1)  K|S04-K|(B0|)j  (  Table  1,  Fig.  1)  consists  of  two  branches:  K^SOj  and 
Kj(BO|)2,  with  a  eutectic  at  848*  and  42.5%  K1SO4.  2)  LijS04-Lij(B0|)|  (Table  1,  Fig.  1);  the  fusion  curye 
consists  of  three  branches:  Li|S04,  the  compound  3Li2S04.*  2LiBC)2,  and  Li|(BOj)2,  which  interesect  at  737*  and 
18%  Lij(BOj)|  and  737*  and  31%  Li2(BO|)2.  The  compound  3Li2S04*  2LiB02  •  found  by  us  melts  without  decom¬ 
position  at  742*.  Transition  of  the  a  -  and  6  -forms  of  112(802)2  is  observed  at  815*  and  70%  Li2(B02)2.  3)  Li2 
( 802)2 ~K2( 802)2  (Table  1,  Fig.  1):  the  branches  of  K2(B02)2  and  Li2(B02)2  intersect  at  582*  and  56%  112(802)2. 
Transition  of  the  a  -  and  S  -forms  of  Li2(B02)2  is  observed  at  794*  and  89%  112(802)2.  4)  K2SO4  (Table  1, 

Fig.  1)  was  studied  previously  [1];  the  fusion  curve  has  five  branches:  a  -  and  fl  -112804,  a  compound  (2:1) 
2Li2S04’  K2SO4.  melting  with  decomposition,  a  compound  (1:1)  Li2S04’  K2SO4  melting  without  decomposition 
and  with  a  maximum  at  732*,  and  K2SO4.  The  points  of  intersection  are  at  532*  and  76.5%  Li2S04,  712*  and 
39.5%  112804.  Transition  of  the  a  -  and  S  -forms  of  Li2804  occurs  at  572*  and  14%  K28O4. 

Stable  diagonal  cross-section  of  Kt80t~Lit(BOi)t.  It  has  the  character  of  a  binary  system  with 
a  eutectic  turning  point  at  730*  and  45%  K2SO4.  Transition  of  the  a -and  S  -forms  of  Li2(B02)2  is  noticed  at 
800*  and  10%  K2SO4  (Table  2,  Fig.  2). 

I^istable  diagonal  cross-section  of  1.12804-  K2(B02)^.  Consists  of  six  bra  :ches  of  crystallization: 
1.12804,  Di,  3 -L '2^802 ''2.  D2>  K2SO4  and  K2(B02'2,  intersecting  respectively  at  6-^0*  and  1  .'Tjo  72-1*  and 

17.5%r.2(BC^)2,  750*  and  28.5%  K2(B02)2,  7>4*  and  50%  112(802)2.  782*  and  £2.5%  K2(B02)2  (Table  2,  Fig.  2). 

Stable  adiagonal  cross-section  Dt~Lii(BOt)a  is  a  binary  system  with  a  eutectic  turning  point  at 
750*  and  35%  Li2^BOi)2  (Table  2,  Fig.  2). 

Internal  cross-sections.  Sections  at  the  KtSOi  vertex  (Table  3,  Fig.  3).  Cross  -section  III:  50% 
^2(802)2  +  50%  Li2(B02)2:  2  branches  of  crystallization  of  K2(B02)2  and  K2SO4  intersecting  at  632*  and  1%  K2SO4. 
Cross-section  X:  27.5%  K2(B02)2  +  12.b^o  Li2(BOj)2:  branches  0-Li2(BO2)2  and  K2SO4  intersect  at  650*  and  6.5% 
K2SO4.  Cross-section  XI:  32.5%  K2(B02)2  -i-  67.5%  812(802)2:  branches:  8-8)2(802)2  and  K2SO4  intersecting  at 
600*  and  4%  K2SO4.  Cross-section  Xlll;  70%  812(802)2  -i-  30%  8)2804:  branches:  8-812(802)2,  D2  and  K2SO4 
intersecting  at  740*  and  37%  K2SO4:  73P*  and  57.5%  K2SO4.  Belt  cross-section  1:  50%  812(80^)2  +  50%  K2(BQ2)2— ♦ 
— »  50%L:2804  +  50%K2804has  three  branches:  K2( 802)2, K2SO4  and  compound  D2,  intersecting  at  614*  and  6.5% 
mixture  (5C'-;(.I,  2SO4  +  50%  K2304>,  744*  and  50%  mixture  (50%  Li2S04  +  50%  K2S04).* 


•  In  the  remainder  of  the  paper  and  in  the  diagrams  3112304*  2Li2B02  is  designated  Dj,  and  Li2S04*  K2SO4 
is  designated  D2. 

•  •  In  the  tables  are  presented  only  the  minimum  number  of  points  necessary  for  plotting  the  fusion  curves;  in 
the  diagrams  they  are  given  in  full. 
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TABLE  1 


Mbo,);-k,so. 

U^so,- 

U,S04 

-K,SO« 

LMBO,), 

-K,(BO0, 

%  K^o. 

%  KjSO, 

/* 

%  Li2(BOj)i 

0 

947 

0 

860 

0 

856 

0.0 

947 

5 

924 

5 

820 

5 

752 

5.0 

920 

10 

919 

10 

782 

10 

650 

10.0 

900 

15 

898 

15 

750 

15 

556 

15.0 

884 

20 

886 

20 

740 

18 

542 

25.0 

846 

25 

878 

25 

742 

20 

536 

35.0 

790 

30 

872 

30 

738 

22 

542 

45.0 

718 

35 

862 

35 

750 

24 

574 

50.0 

672 

40 

852 

40 

764 

26 

600 

55.0 

590 

42.5 

848 

42.5 

770 

28 

625 

57.5 

604 

45 

858 

45 

774 

30 

648 

60.0 

624 

50 

872 

50 

786 

32 

666 

65.0 

660 

55 

884 

55 

796 

35 

688 

70.0 

692 

60 

900 

60 

802 

38 

702 

80.0 

764 

65 

918 

65 

808 

42 

722 

85.0 

790 

70 

936* 

70 

815 

46 

730 

87.5 

794 

75 

956 

/  75 

820 

50  . 

732 

90.0 

798 

80 

978 

80 

826 

60 

716 

92.5 

810 

90 

1000 

90 

836 

70 

825 

95.0 

820 

100 

1069 

100 

843 

100 

1069 

100.0 

843 

Stable  diagonal  of  LitS04-K{(B0^)2  Unstable  diagonal  of  K2SO4— Li2(B02)2 


TABLE  3 

Internal  cross-sections  at  the  KJSO4  vertex 


Cross-section  III  Cross-section  X  Cross-section  XIII  Cross-section  XIV  Cross-section  1  Cross-section  XI 

percent  of 
mixture 
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Sections  at  the  LtaSO^  vertex  (Table  4,  Fig  4).  Section  II:  SO^o  Li2(BOj)j  +  50*70  K2(BOj)j.  It  has  3 
branches:  K2(B02)*.  K2SO4.  6  -Li2(B02')2,  intersecting  at  600*  and  6<7o  Li2S04,  710*  and  29*70  Li2S04.  Section 
IV:  75*7o  K2SO4  +  25*7o  K2(B02)*.  It  has  2  branches:  K2SO4  and  compound  E^,  intersecting  at  720*  and  41*70 
Li2S04.  Section  V:  50*7o  I^S04  +  50*7o  K2(BOi)2.  It  has  2  branches:  K2SO4  and  compound  D2,  intersecting 
at  738*  and  42.5*7o  Li2S04.  Section  VI:  75*7o  K2(B02)2  +  25*7o  K2SO4.  It  has  3  branches:  K2(BOi)2,  KjS04 
and  compound  D2,  intersecting  at  824*  and  8*7o  Li2S04  and  750*  and  46*70  Li2S04,  Section  VII:  75*7o  K2(B02)*  + 

+  25*7o  Li2(B02)2.  It  has  3  branches:  K2(B02)2,  K2SO4  and  6-Li2(BO^)2,  intersecting  at  712*  and  ll*7o  Li2S04, 

724*  and  42*7o  Li2S04.  Section  VIII:  42.5*7)  Ki(BOi)2  +  57.5*7o  Li2(B02)*.  It  has  3  branches:  K2(BOi)2,  K2SO4 
and  fl-Li2(B02)2,  intersecting  at  588*  and  4.5*7)  Li2S04  and  700*  and  21.5*7o  Li2S04.  Section  IX:  32.5*7o 
K2(B02)2  +  67.5*7)  Li2(B02)2.  It  has  3  branches:  K2(BC)i)2.  K2SO4  and  S  -Li2(BOi)2,  intersecting  at  570*  and 
4*7o  Li2S04,  680*  and  15*7o  Li2S04. 

Sections  at  the  Li2(BO^)2  vertex  (Table  5,  Fig.  5).  Section  XV:  92.5*7)  Li2S04  +  7.5*7)  1^804.  It  has 
3  branches:  Li2S04,  and  6-Li2(B02)2.  intersecting  at  640*  and  7.0*7)  Ei2(B02)i.  734*  and  26.5*7)  Li2(BOk)t. 
Section  XVI:  85*7o  Li2S04  +  15*7o  K2SO4.  It  has  3  branches:  Li2S04,  D|,  B-Li2(B02)2  intersecting  at  562*  and 
2.5^,  L  2'B02'2  and  730*  and  21<7o  Li2(B02)*. 

Sections  at  the  vertex  fSO^o  Li2S04  +  Section  XVII:  90v'  L’'2S04  1  10''!,  !  '2  002 ''2*  It  h"-''  ihrec 

branches:  Li2S04,  Dj  and  D2,  intersecting  at  722*  and  Sv)miJ<t’jre  (50  /,;  Li2S04  +  50v'  I''*  ;u  ^^24*  and  in.57o 
mixture  (507oLi2S04 +  507)K2S04),  Section  XVIII:  7r7’h’2S04  +  £r, "'ll,  2'B02 '2:  benches  Di  a')fl  r2,  intersect  at  718* 
and  22.5*7o  mixture  (50*7o  Li2S04  +  50*7o  K2SO4).  Section  XIX:  65*7o  Li2S04  +  35*7o  Li2(B02)2;  branches  6  -Li2(BO})2 
and  D2  intersect  at  726*  and  24*7o  mixture  (50*7o  1^604  +  50*7o  K2SO4).  Section  XX:  55*7o  Li2S04  +  45*7)  14(80^)2; 
branches  S-Li2(B02)2  and  D2  intersect  at  733*  and  25*7©  mixture  (50*7)  Li2S04  +  50*7o  K2SO4).  Section  XXI:  65<7o 
Li2(BP2)2  +  35*7o  Li2S04:  branches  6  -Li2(BOj)2  and  D2  intersect  at  742*  and  28.5*7o  mixture  (50*7)  Li2S04  +  50*7o 
K2SO4). 

Surface  of  crystallization  of  the  system 

The  data  accumulated  for  the  binary  systems,  diagonals  and  internal  cross-sections  and  for  the  projec¬ 
tions  of  the  lines  of  common  crystallization  on  the  plane  of  the  polytherm  of  the  binary  system  K2SO4- 
-K2(B02)2  (Fig.  8)  gave  the  possibility  of  constructing  the  three-dimensional  liquidus  diagram  of  the  recip¬ 
rocal  system  Li,  K  ||  SO4,  BC\  (Fig.  7),  of  delineating  the  fields  of  crystallization  by  plotting  isotherms 
through  each  50*,  and  of  determining  the  temperatures  and  compositions  corresponding  to  the  invariant  points 
(Table  6). 

TABLE  6 


Point 

t* 

Composition  (  in  *7o) 

Equilibrium  phases 

El 

525 

i  2Li2(  602)2  +  80Li2SO4  +  I8K2SO4 

j  Djf  Ll2SO^, 

h 

726 

1  51Li2(B02)2  +  46K2SO4  +  3Li2S04 

D2,B -Li2(B02)2,X2S04 

E3 

570 

4K2SO4  +  63Li2(B02)2  +  33X2(602)2  ; 

;  X2S04.X2(B02)2.6-Li(B02)2 

ei 

730 

55Li2(B02)2  +  45K2SO4 

6  -  Li  2(  BO2  )2 ,  X2  SO4 

750 

35Li2(B02)2  +  32K2SO4  +  33Li2S04  j 

Di,fi-Li2(  602)2 

Pi 

718 

14Li2(B02)2  +  22X2804  +  64Li2S04  | 

6 -Li2(  602)2,02,1)2 

The  area  of  the  square  of  composition  of  the  system  is  distributed  in  the  following  manner  between 
the  crystallization  fields  (in  weight- *7o):  potassium  sulfate  43.40,  compound  Dj  14.93,  lithium  sulfate  1.23, 
compound  D2  3.69,  lithium  metaborate  27.60  (a -modification  of  Li2(B02)2  2.51  +  0 -modification  of  Li2(B()2)2 
25.09),  potassium  metaborate  9.15. 

The  layoi'.t  of  the  crystallization  tree  of  this  system  is  represented  in  Fig.  9. 
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Fig.  7.  Projection  of  the  three-dimensional  diagram 
of  the  reciprocal  system  Li,  K  IISO4,  BO^  on  the 
square  of  composition. 


Fig  8.  Projection  of  the  curves  of  common  crystallization  on  '  the  side  of  the 
square  of  the  reciprocal  system  Li,  K  ||  SO4,  BO^. 


The  system  is  divided  into  four  phase  triangles 
by  the  stable  diagonal  KjS04-Lij(BPj)i,  the  stable 
adiagonal  Dj-LijCBC^)*  and  the  cross-section  XVIII 
extending  from  the  742’  maximum  of  the  complex 
Di  to  the  maximum  of  the  complex  Dj:  1)  ^2804- 
—  Dj— D2,  II)  Di"" J^2“h:'2(B02'2“ 
-K2SO4.  IV)  Lij(Ba)2-K2S04-K2(B02)2.  By  com¬ 
paring  the  results  of  investigation  of  the  system 
Li,K  [j  S04,BC^  with  the  previously  studied  system 
[4]  Li,K  II  W04,BC^,  we  are  able  to  draw  generalizing 
conclusions  from  them  as  representatives  of  the  sul¬ 
fate  and  tungstate  series.  In  the  system  Li,K  ||  SO4, 
BO2  the  field  of  the  prominent  complex  112804 •  K28O4 
is  deeply  embedded,  and  nearly  touches  the  stable 
diagonal  of  K28O4-Li2(B0^)2. 

The  corresponding  tungstate  complex  Li2W04-K2W04  in  the  system  Li,K  ||  WO4,  BO^  is  not  so  prom¬ 
inent  and  occupies  an  extremely  small  area  (l.SQ^o). 

In  both  systems  the  complexes  3Li804-  2LiBC\  and  3Li2W04‘  2LiB02  are  also  formed  respectively, 
and  are  manifested  in  the  corresponding  lateral  binaiy  systems.  The  compound  3^2804-  2LiBPg  is  the  more 
stable  of  the  two. 

It  is  interesting  to  recall  the  formation  of  an  analogous  complex  2LiF  •  3LiBC^  in  the  binary  system 
LiF-LiBO^  [2]. 

According  to  the  classification  of  Bergman  and  Bukhalova  [3]  the  general  character  of  the  system 
Li,K  11  804,BC^,  shows  it  to  be  an  adiagonal  system  with  a  subsidiary  diagonal,  whereas  the  tungstate  sys¬ 
tem  Li,  K  II  WO4,  BO2  is  a  representative  of  a  system  with  a  diagonal  and  a  subordinate  adiagonal. 

8UMMARY 

1.  A  study  was  made  by  the  visual-polythermal  method  of  the  liquidus  diagram  of  the  ternary 
reciprocal  system  Li,  K  ||  8O4,  BO^  and  of  its  component  binary  systems  Li2804-Li2(BP2)2  and  K28O4- 
-Kg(BC^)2.  A  compound  3Li2804*  2LiB02  melting  without  decomposition  was  found. 

2.  The  presence  was  established  of  six  crystallization  fields:  K2SO4,  complex  Li2804*  K2804, 

Li2804,  L]2(BC^)g,  complex  3Li2804*  2LiB02  and  K2(B02)2. 

3.  The  compound  Li2804»  K2804,  which  melts  without  decomposition,  retains  its  stability  also  in 
the  reciprocal  system;  its  field  is  deeply  embedded  in  the  system  and  occupies  an  area  of  14.9‘7o. 

4.  The  system  is  split  up  into  four  phase  triangles  by  three  triangulating  sections:  the  adiagonal 
Li2804*  Kg804-Li2(BC)fe)8,  the  diagonal  1^804- Lig(BC)fe)g  and  a  section  extending  from  the  742’  maximum 
corresponding  to  the  compound  3Li2804*  2LiBOfe  to  the  736’  maximum  of  the  complex  Li2804*  K28O4.  The 
adiagonal  section  plays  a  decisive  pait  in  the  triangulation. 

5.  The  reaction  of  complex  formation  in  the  sulphate  system  Li,  K  ||  8O4,  BOg  is  conspicuously 
manifested:  but  in  the  tungstate  system  Li,  K  ||  WO4,  BO^  the  exchange  reaction  markedly  predominates 
over  the  complex  formation  reaction. 

6.  The  system  Li,  K  ||  8O4,  BQg  is  classified  as  an  adiagonal  system  with  a  subordinate  diagonal. 
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COMPLEX  FORMATION  AND  DOUBLE  DECOMPOSITION  IN  THE  RECIPROCAL 


SYSTEM  OF  THE  TITANATES  AND  FLUORIDES  OF  SODIUM  AND  POT/.GCIUM 

M.  L.  Sholokhovich 


A  considerable  amount  of  work  has  been  carried  out  in  recent  times  on  the  chemical  properties  of 
the  titanates  of  barium  and  lead  in  connection  with  their  interesting  and  technically  important  seignetto- 
electrical  properties  [1,  2].  By  contrast,  very  little  has  been  published  about  the  properties  of  titanates  of 
other  metals  and  in  particular  of  the  alkali  metals.  In  the  field  of  fused  salts  only  a  few  papers  have  ap¬ 
peared  on  titanates  of  sodium  and  potassium  [3,  4],  while  nothing  at  all  has  been  published  about  the  di¬ 
electric  properties  of  these  salts.  Apart  from  this,  a  comprehensive  investigation  of  the  titanates  of  various 
metals  will  not  only  expand  our  knowledge  of  the  physico-chemical  properties  of  titanates  in  general,  but 
will  inevitably  throw  light  upon  the  theory  of  seignettoelectricity. 

The  present  investigation  is  the  first  in  a  series  on  the  systematic  study  of  the  interaction  of  titanates 
of  the  alkali  metals  with  other  salts  in  melts;  here  we  describe  a  method  of  preparation  of  the  metatitanates 
of  sodium  and  potassium  and  their  interaction  with  sodium  and  potassium  fluorides  in  melts.  The  dielec¬ 
trical  properties  of  the  prepared  sodium  and  potassium  metatitanates  have  been  examined  by  A.  I.  Khodakov 
in  the  dielectrics  laboratory  of  the  Institute  of  Physico-Mathematical  Research  of  Rostov  State  University. 

EXPERIMENTAL 

The  investigation  was  carried  out  by  the  visual-polythermal  method  of  fusion.  The  tables  contain 
a  portion  of  the  data.* 

Starting  substances;  Sodium  and  potassium  fluorides,  "chem.  pure  for  analysis",  with  m.p.s  999* 
(NaF)  and  870*  (KF);  sodium  and  potassium  metatitanates  were  prepared  by  fusion  of  the  chemically  pure 
respective  carbonates  with  titanium  dioxide  in  stoichiometrical  ratios.  Titanium  dioxide,  "pure"  grade, 
was  previously  purified  by  prolonged  digestion  in  10%  hydrochloric  acid  solution.  Spectroscopic  examina¬ 
tion  showed  that  the  TiO^  treated  in  this  manner  was  free  from  impurities.  Fusion  of  TiC^  with  MejCOs 
was  conducted  in  an  open  corundum  crucible  in  a  Silit  furnace.  The  melt  was  held  for  a  long  time  at 
1200*  until  COj  bubbles  had  ceased  to  come  off.  Conditions  were  thereby  created  under  which  the  reaction 
TiO^  +  MejC03=Me2Ti03  +  CO3  went  substantially  to  completion  on  the  titanate  side.  Moreover,  holding 
at  high  temperature  for  a  long  period  ensured  formation  of  metatitanates  from  other  titanates  [3]  that  might 
have  been  formed  as  intermediate  products.  The  prepared  Na2Ti03  melted  at  1025*  and  the  K3Ti03  at  826*. 

Binary  sides  (Table  1,  Fig.  1).  Na2Ti03-K3Ti03;  layering  occurs  [4]  in  the  range  of  20  to  50% 
K2Ti03.  We  established  that  melts  in  the  range  of  31.5  to  50%  K3Ti03  crystallize  at  very  similar  tempera¬ 
tures,  so  that  the  crystallization  curve  has  a  very  sloping  character.  In  roughly  the  same  range  a  slight 
turbidity  precedes  the  appearance  of  crystals  but  layering  is  not  observed.  Heterogeneity  is  observed,  how¬ 
ever,  in  rapidly  cooled  melts  with  compositions  of  30  to  50%  potassium  metatitanate.  At  the  same  time, 
the  crystallization  curve  in  spite  of  its  slope  clearly  points  to  a  maximum  at  906*  corresponding  to  1:1  com¬ 
position.  A  melt  of  this  composition  completely  solidifies  at  906*.  Melts  containing  up  to  50%  K3Ti03 
completely  solidify  ct  temperatures  of  the  order  of  780*,  but  melts  containing  more  than  50%  K2Ti03 
solidify  at  temperatures  of  the  order  of  900*.  The  data  justify  the  conclusion  that  in  the  system  Na2Ti03- 
-I^TiOs  a  compound  Na2Ti03'  K2Ti03  is  formed  which  melts  without  decomposition  at  906*.  The  field 
of  this  compound  also  appeared  in  the  reciprocal  system  described  below. 

It  may  be  suggested  that  the  development  of  slight  turbidity  shortly  prior  to  the  crystallization  of 
the  compound  is  caused  by  breakdown  of  the  compound  in  this  region  into  two  liquid  phases.  This  is 

•  All  results  are  expressed  in  equimolar  percentages. 
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TABLE  1 


Ist  column:  percent  of  added  salt,  2nd  column:  temperature  of  appearance  of  first  crystals  (E— eutectic) 
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-Na2Ti03 
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10 

798 

15 

798 

20 

830 

25 
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30 
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35 
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40 

890 

45 

900 

50 
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55 

906 

60 
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65 

904 

70 

910 

75 

934 

80 

958 

85 

966 

90 

996 

95 

1012 

El  at  IB.S'JJ)  NajTiOj  and  784* 
El  at  68.5%  NajTiO,  and  902". 


Na2Tl03 
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23 

25 

29 
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50 
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60 

65 

70 

75 

80 

85 

88 


El  at  20%  NajFi  and  896* 
^  at  35%  NaiFi  and  880* 


MOL.  % 

Fig.  1.  Bin^  systems. 

1)  NajTiOj-NajFi,  2)  KaFj-KiTiO,,  3)  KiTiOj- 
-NajTiOj. 

A)  binary  compound  3Na2Ti03  •  2NaF,  B)  binary 
compound  K^TiOj  •  NaiTiOs. 


MOL.  % 

Fig.  2.  Diagonal  cross-sections. 
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Percentages  are  equimolecular  throughout. 


possible  if  the  maximum  of  the  compound  falls  below  the  region  of  the  two  liquid  layers,  i.e.  the  binodal 
curve  intersects  the  crystallization  curve  of  the  compound.  Such  cases  are  known,  even  though  they  are 
rare;  an  example  occurs  in  the  system  Mg-Ni  [5]. 

Na^F;— eutectic  [6].  Out  data  indicate  a  eutectic  at  60^  KF  and  708*. 

Na2Ti03— NaxF;;  forms  a  compound  3Na2Ti08*  2Na2F,  melting  without  decomposition  at  899" 

(Fig.  1,  1).  In  the  region  of  high  concentrations  of  sodium  fluoride  the  melt  becomes  slightly  turbid, 
evidently  due  to  partial  salting-out.  It  is  interesting  that  here  in  the  region  of  high  concentrations  of 
sodium  fluoride  the  crystallization  curve  of  NaF  becomes  sloping,  reflecting  the  tendency  to  layering. 

A  similar  but  more  clearly  manifested  phenomenon  occurred  in  the  system  Na,  K  II  BjO^,  Cl  [7], 
where  on  the  side  the  formation  of  a  compound  was  associated  with  layering. 

KjFj-KjTiOs  forms  a  eutectic  at  59*70  KjTiOs  and  758*. 

Both  diagonal  sections  of  the  system  (Table  2,  Fig.  2)  ate  unstable.  The  K2Ti08-NajF2  section  in- 
tersecu  the  field  of  the  compound  KjTiOs- NajTiOs.  The  diagonal  section  KgFj-NajTiOs  intersects,  apart 
from  the  fields  of  the  components,  the  field  of  sodium  fluoride  and  the  field  of  the  compound  3Na2TiOs  • 

■  2NaF.  There  is  an  inflection  on  the  NajTiOj  branch  of  this  section  at  972*.  A  similar  inflection  also 
occurs  on  the  branches  of  crystallization  of  sodium  titanate  in  the  binary  sides  NajTiOs-NajFj  and  Na2Ti08- 
-K2Ti08.  This  is  possibly  a  polymorphic  transformation  of  Na2TiOs. 

The  arrangement  of  the  investigated  internal  sections  through  the  system  is  shown  in  Fig.  3.  Data 
for  the  sections  are  set  forth  in  the  corresponding  Table  2  and  in  Fig.  4. 

Fig.  5  represents  the  complete  surface  of  crystallization  of  the  system.  Isotherms  are  plotted  at  in¬ 
tervals  of  25*.  The  broken  lines  indicate  the  sections  participating  in  the  triangulation  of  the  system.  The 
system  contains  six  crystallization  fields  (Table  3  and  Fig.  5). 

Discussion  of  results 

Investigation  of  the  system  established 
the  existence  of  the  binary  compounds  Na2Ti02 . 

•  K2Ti08  and  3Na2TiOs*  2NaF  and  showed  their 
influence  upon  the  double  decomposition 
reaction. 

Triangulation  of  the  system  is  performed 
not  by  diagonal  sections  but  by  three  unstable 
secants  extending  from  the  point  of  the  compound 
Na2Ti08  •  K2Ti08.  Consequently  the  compound 
Na2Ti08'  K2Ti08  is  a  triple  point  in  the  recipro¬ 
cal  system.  The  triangulating  secants  are  shown 
in  Figs.  3  and  5  by  broken  lines.  They  divide  the 
square  of  the  reciprocal  system  into  four  co -subordinate  ternary  systems  designated  by  Roman  numerals  in 
Figs.  3  and  5. 

I.  NajTiOj  •  K2Ti08-  Na2Ti08-3Na2Ti08  •  2NaF; 

II.  Na2Ti08  •  K2Ti08-  Na2F2-  3Na2Ti08  •  2NaF ; 
m.  NajTiO,  •  K2Ti08-  Na*F2-  KjF* ; 

IV.  Na2Ti08  •  KjTi08-  K2Ti08-  K2F2. 


Field 

number 

Field  of  crystallization 

Area  of  field  (in 
*7o  of  total  surface 
of  system) 

1 

NajTiOs 

8.26 

2 

3Na2Ti08  *  2NaF 

5.16 

3 

NaF 

40.72 

4 

Na2Ti08-K2Ti08 

19.35 

5 

KjTiOs 

8.06 

6 

KF 

18.45 

The  main  chemical  reactions  are  expressed  by  the  following  equations.  Two  equations  correspond 
tp  compositions  A  and  B  (Fig.  3)  corresponding  to  inter -sections  of  the  triangulating  secants  with  the  diago¬ 
nal  Na2Ti03-K2F2. 

A.  5Na2Ti08  +  K2F2  =  K2Ti08  •  Na2Ti08  +  3Na2Ti08-  2NaF. 

This  equation  shows  that  in  the  melt  corresponding  in  composition  to  point  A  a  stable  mixture  is 
formed  of  two  compounds.  At  point  B  the  compound  K2Ti08  •  Na2TiOs  coexists  with  NaF. 


B.  2Na2TiO,  +  K,Fi  =  KiTiO,-  NaiTiO,  +  NajFj. 

The  following  reaction  takes  place  at  point  D,  corresponding  to  the  intersection  of  the  triangulating 
secant  NajTiO,*  KjTiOj-KjFj  with  the  diagonal  KiTiOs-NajFj: 

D.  2K,TiOs  +  Na,F,  =  KjTiO,  •  Na,TiO,  +  K,Fj. 

At  point  C,  however,  where  the  two  diagonals  intersect,  a  reaction  takes  place  that  indicates  the 
coexistence  of  the  compound  NajTiOs  •  KjTiOi  with  sodium  and  potassium  fluorides: 

C.  2Na2Ti05  +  2K,F2  =  NajTiOj  •  KjTiO,  +  NajF,  +  KjFj. 

The  system  contains  four  triple  invariant  points  (Table  4). 


TABLE  4 

Composition  and  equilibrium  phases  of  the  invariant  points  of  the  system 


Composition  (in  mole  ’^0) 

Character  of  point 

Temper¬ 

ature 

KF 

NajTiOj 

KiTiOj 

Equilibrium  phases 

p 

Triple  transi-  ^ 

826* 

25.5 

59.5 

15.0 

KiTiO,  •  Na^TiOj:  3NajTiOj  •  2NaF:  NajTiOj. 

tion  Pj 

782 

38.0 

50.5 

15.5 

KtTiOj  •  NajTiO,:  3NajTi03  •  2NaF;  NajFj. 

P4 

684 

44.5 

30,5 

25.0 

KjTiOj-NajTiOj:  KiTiO,;  KjFj. 

Triple  eu¬ 
tectic  ^ 

682 

45.0 

32.0 

23 

KjTiO,-  NajTiO,;  KjFj;  NajF*. 

From  the  data  of  Table  4  and  from  the  projection  of  the  surface  of  crystallization  of  the  system  on 
the  KjFj-NajFj  side  (Fig.  6)  we  see  that  the  invariant  points  into  whose  equilibrium  phases  the  compound 
SNajTiOj-  2NaF  enters  are  transition  points.  From  this  it  follows  that  the  stability  of  the  binary  compound 
SNajTiOs'  2NaF,  which  melts  without  decomposition,  is  lowered  and  the  compound  already  melts  with  decom¬ 
position  within  the  system.  It  is  interesting  to  note  that  the  invariant  point  Pi,  into  whose  equilibrium  phases 
enter  the  components  of  the  phase  triangle  I  (Fig.  5),  is  displaced  to  the  phase  triangle  III.  This  is  illustrated 
with  particular  clarity  by  the  scheme  of  the  crystallization  tree  of  the  system  (Fig.  7). 


Fig.  6.  Projection  of  the  curves  of  common  crystallization  on 
the  KjFj-NajFj  side. 
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O  Binary  eutectic  points 

Fig.  7.  Scheme  of  the  crystallization  tree  of  the  system 
Na,  K  II  TiOs,  F, 

Another  interesting  fact  to  be  noted  is  the  extreme^  slow  temperature  drop  along  the  line  of  binary 
crystallization  of  KjFj-NajFj.  Thus,  over  a  range  of  SO^o  the  temperature  falls  by  only  26*.  from  708  to  682' . 

The  investigation  of  the  reaction  of  sodium  and  potassium  titanaies  with  sodium  and  potassium 
fluorides  also  confirms  the  hypotlies’s,  prcv'ously  irer.tioucd  [8],  of  the  profound  difference  between  the 
chc'K'.’cal  pro;  crtics  of  salts  of  sodium  and  potassium.  Thus,  potassium  titanate  and  fluoride  form  a  eutectic 
mixture,  but  sodium  titanate  and  fluoride  form  a  chemical  compound  which  melts  without  decomposition. 

SUMMARY 

1.  Sodium  and  potassium  metatitanates  have  been  prepared. 

2.  The  fusion  diagram  of  the  reciprocal  system  Na,  K  ||  TiOs,  F  has  been  completely  investigated 
by  the  visual- polythermal  fusion  method. 

3.  A  1:1  compound  of  sodium  and  potassium  titanates,  melting  without  decomposition  at  906°,  was 

detected, 

4.  A  compound  of  sodium  fluoride  and  titanate  with  the  composition  SNajTiC^  •  2NaF,  melting  witfi- 
out  decomposition  at  899°,  was  detected. 

5.  The  boundaries,  within  the  reciprocal  system,  of  the  fields  of  crystallization  of  the  components 
and  the  compounds  NagTiOj*  K2TiOg  and  SNagTiOg*  2NaF  were  established. 

6.  Four  ternary  invariant  points  were  found;  of  these  one  is  eutectic  and  three  are  ternary  transition 

points. 
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PHYSICO  -  CHEMICAL  ANALYSIS  OF  THE  BINARY  SYSTEMS: 


ETHYL  ALCOHOL  -  ANILINE,  ETHYL  ALCOHOL  -  CHLOROFORM 
AND  CHLOROFORM  -  ANILINE 

P.  K.  Migal  and  D.  P.  Belotsky 


The  systems  studied  in  this  research  find  practical  application  in  extraction  technology;  for  example, 
alcohol  -chloroform  mixtures  are  used  for  extraction  of  alkaloids.  Moreover  these  systems  are  of  great  theore¬ 
tical  interest.  Systems  consisting  of  two  associated  compounds  frequently  do  not  reflect  on  the  corresponding 
isotherms  the  properties  of  chemical  compounds  formed  in  the  system  due  to  breakdown  of  the  associated 
molecules  of  the  components. 

Investigation  of  the  thermal  effects  of  mixing  of  "niline  with  ethyl  aIcohol[l]  showed  the  formation 
of  solvates  in  the  system  ethyl  alcohol  ~  aniline.  Chemical  interaction  was  not  detected  on  the  molecular 
weight  composition  diagram  by  cryoscopic  determinations  [2]. 

N.  A.  Izmailov[3],  applying  his  method  of  calculation  of  the  deviations  of  properties  from  additivity, 
and  using  the  experimental  results  of  a  cryoscopic  investigation[2]  ,  indicated  the  occurrence  of  chemical  in¬ 
teraction  in  the  system  ethyl  alcohol  —  aniline. 

The  system  ethyl  alcohol  —  chloroform  was  previously  investigated[  1]  by  viscosity  measurements  at 
the  boiling  point  of  mixtures,  and  a  maximum  was  obtained  on  the  viscosity/ composition  diagram.  Measure¬ 
ments  of  molecular  weight  [c  ]  did  not  indicate  reaction  between  the  components.  The  literature  contains  iso¬ 
lated  data  for  various  temperatures:  surface  tension  at  10,  46.2  and  78.2°,  density  and  refractive  index  [C]. 
These  data  again  do  not  reveal  interaction  between  ethyl  alcohol  and  chlorofrom. 

The  system  chloroform  -  aniline  has  been  investigated  by  the  fusion  method [6]  and  by  cryoscopic 
determinations  of  molecular  weight[5] .  On  the  fusion  diagram  the  eutectic  corresponds  to  24  mole  '’Jo  aniline. 
The  molecular  weight/  composition  diagram  only  reflects  breakdown  of  the  associated  molecules  of  aniline. 

EXPERIMENTAL 

Rectified  ethyl  alcohol  was  dehydrated  by  prolonged  standing  with  anhydrous  copper  sulfate  followed 
by  boiling  and  by  drying  with  metallic  sodium  B.  p.  78.3°,  C4®  0.7S'J,  o*®  22.33  dyn/  cm. 

Aniline  (chem.  pure)  was  stood  over  potassium  hydroxide  and  then  distilled  over  metallic  sodium. 

The  freshly  distilled  aniline  was  colorless.  B.p.  183°,  d4®  1.022,  42.85  dyn/ cm. 

Chloroform  (chem,  pure)  was  washed  with  dilute  sodium  carbonate  solution  and  partly  dehydrated  by 
freezing  at  below  zero.  It  was  then  dried  with  calcium  chloride  and  distilled  in  presence  of  a  little  phosphorus 
pentoxide.  B.p.  61.2°,  c!^®  1.488,  o*®  27.20  dyn  /  cm. 

The  surface  tension  was  measured  by  the  method  of  maximum  pressure  of  bubbles  in  a  slightly  modi¬ 
fied  apparatus[7].  The  period  of  formation  of  each  bubble  was  5-7  seconds. 

The  sc-ution  under  investigation  was  kept  in  a  thermostat  for  15-20  minutes  at  the  required  temper¬ 
ature,  after  which  a  manometer  reading  was  taken.  The  average  value  of  surface  tension  was  got  from  5  to 
7  separate  measurements.  The  relative  error  of  measurement  was  +  0,23%. 

Viscosities  were  measured  in  viscometers  of  the  closed  type[8]:  densities  were  determined  in  pycno¬ 
meters  (v;ith  ground-glass  stoppers)  of  20  ml  capacity. 
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Surface  tension,  viscosity  and  density  were  measured  under  thermostatic  conditions.  Temperature 
fluctuations  were  +0,05*.  Measurements  were  carried  out  at  0,  5,  10,  15,  20  and  25*. 

The  refractive  index  was  determined  in  a  RLU  refractometer  at  20  +  • 

System  ethyl  alcohol  -  aniline.  The  surface  tension  isotherms  of  the  system  ethyl  alcohol  -  aniline, 
obtained  at  the  above  —mentioned  temperatures  in  the  concentration  range  of  0  to  100  mole  °looi  each  com¬ 
ponent,  are  shown  in  Fig.  1.  From  the  alcohol  to  the  aniline  side  the  curves  are  at  first  slightly  concave  in 
relation  to  the  axis  of  compositions,  and  at  70  mo\eP]o  the  concavity  is  smoothed  away;  the  curves  gradually 
become  convex  and,  starting  from  20  mole^  alcohol  and  extending  to  pure  aniline,  the  curves  again  become 
concave. 


The  surface  tension  isotherms  of  the  system  alcohol  -  aniline  are  not  altogether  consistent  with  the 
interpretation  of  the  bulging  of  the  isotherms  [0,  10]. 

As  indicated  above,  the  plotted  isotherms  are  only  concave  to  the  axis  of  composition  in  the  vicinity 
of  the  pure  components,  the  concavity  being  reversed  toward  the  middle  of  the  curve.  It  may  be  suggested 
that  the  slight  rise  in  the  curves  on  approach  to  the  pure  component  may  be  explained  by  solvation  of  the  mol¬ 
ecule  of  one  component  by  molecules  of  the  other,  while  the  sagging  of  the  curve  may  be  due  to  chemical  in¬ 
teraction  of  the  components  with  formation  of  a  1:1  compound. 

The  viscosity  Isotherms  of  the  system  are  shown  in  Fig.  2.  We  see  that  with  rising  temperature  the 
isotherms  become  straighter  so  that  at  25'  the  viscosity  curve  is  almost  rectilinear. 

Two  opposing  processes  take  place  simultaneously  in  the  system:  formation  of  a  compound  that  in¬ 
creases  the  viscosity,  and  breakdown  of  the  associated  molecules  which  promotes  a  fall  of  viscosity.  It  must 
be  assumed  that  breakdown  of  associated  molecules  predominates  when  one  component  dissolves  in  the  other, 
due  to  which  the  viscosity  isotherms  lack  the  characteristic  indication  of  a  chemical  compound. 

The  isotherms  of  specific  volume  (when  expressing  the  composition  in  weight  “  percent)  of  the  system 
ethyl  alcohol  —  aniline  are  convex  to  the  axis  of  composition,  which  indicates  contraction  in  the  system.  In 
Fig.  3.  (Curves  I)  are  shown  the  specific  volume  isotherms  at  0  and  20'. 

The  refractive  index  isotherm  (Fig.  4,  curve  II),  in  spite  of  the  great  difference  from  the  refractive 
indices  of  the  components,  has  a  marked  concavity  to  the  axis  of  composition. 

System  ethyl  alcohol  -  chloroform.  The  surface  tension  isotherms  of  the  system  ethyl  alcohol  —  chloro¬ 
form  are  concave  to  the  axis  of  composition  and  retain  the  same  shape  over  the  whole  interval  of  temperatures 
(Fig.  5).  They  deviate  to  an  insiginificant  extent  from  the  isotherms  of  a  normal  system.  This  insignificant  de¬ 
viation,  characterized  by  a  slight  concavity  to  the  axis  of  composition,  may  be  explained  by  the  fact  that  the 
component  (chloroform)  with  the  greater  surface  tension  has  a  lower  dielectric  constant  and  a  smaller  dipole 
moment.  With  such  a  relation  of  dipole  moments  and  surface  tensions,  the  curve  is  bound  to  be  concave  to  the 
axis  of  composition[10],  in  agreement  with  our  results. 

The  viscosity  isotherms,  as  shown  in  Fig.  6,  are  convex  to  the  axis  of  composition  and  ate  consequently 
characteristic  of  system  without  chemical  interaction.  As  was  indicated  above,  we  previously  studied  this  system 
by  viscosity  measurements  [4]  at  the  boiling  points  of  the  mixtures.  According  to  these  data  the  maximum  on  the 
viscosity/ composition  diagram  3t  an  alcohol  concentration  of  80  vnoX&^o  is  evidently  due  to  the  more  rapid  fall  of 
viscosity" of  tlte  alcohol  in  comparison  with  its  mixtures  with  chloroform. 

Results  of  measurements  of  specific  volume,  plotted  in  Fig.  3  (curves  II),  show  that  the  specific  volume 
isotherms  at  0  and  20'  are  straight  lines;  this  is  characteristic  of  the  absence  of  a  volume  change  on  mixing  of 
the  components  of  a  system. 

The  refractive  index  isotherms  for  20'  (Fig.  4,  curve  I)  are  very  slightly  concave  to  the  axis  of  compo¬ 
sition. 

Applying  the  cryoscopic  data  of  V.  V.  UdovenkoCf] ,  we  calculated  the  deviation  of  the  cryoscopic  de¬ 
pression  additivity  by  the  method  of  N.  A.  Izmailov[3].  The  calculated  and  the  experimental  curves  entirely 
coincide.  Coneequently  in  this  system  reaction  between  components  is  likewise  not  detected  by  the  cryoscopic 
method. 
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Fig.  6.  Viscosity  isotherms  of  the  system  ethyl alchol  — 
chloroform. 


system  chloroform  —  aniline. 


A  Raman  spectrographic  investigation[ll]  established  the  occurrence  of  slight  interaction  in  the  sys¬ 
tem  methyl  alcohol  —  chloroform  due  to  formation  of  a  hydrogen  bond.  It  is  not  manifested,  however,  in  ap¬ 
preciable  excitation  of  the  vibrations  of  theO-H  groups  but  only  restricts  the  freedom  of  orientation  of  the 
molecules  of  alcohol  in  relation  to  one  another.  This  consideration  may  also  be  applied  to  the  system  ethyl 
alcohol  —  chloroform,  especially  since  ethyl  alcohol  is  less  active  than  methyl  alcohol. 

System  chloroform  -  aniline.  The  surface  tension  isotherms  (Fig.  7)  fall  smoothly  from  aniline  to 
cholroform  with  a  slight  convexity  to  the  axis  of  composition.  This  course  of  the  surface  tension  curve  is 
characteristic  of  normal  systems.  j 

The  viscosity  isotherms  are  convex  to  the  axis  of  composition  and  approach  rectilinearity  with 
rising  temperature  (Fig.  8);  this  indicates  absence  of  chemical  interation  in  the  system. 

The  specific  volume  isotherms  are  straight  lines  (Fig.  3,  III),  indicating  the  absence  of  contraction 
in  the  system. 

The  refractive  index  isotherms  (Fig.  4,  curve  III)  are  very  slightly  concave  to  the  axis  of  composition. 

Our  calculation  (by  N.  A.  Izmailov's  method)  of  the  cryoscopic  data  of  V.  V.  UdovenkoE^]  also  showed 
the  absence  bf  chemical  interaction!  in  the  system. 

Investigation  of  the  absorption  spectra  of  aniline  and  chloroform  [12]  by  the  method  of  differential  spec¬ 
tra  has  showed  the  absence  of  interaction  of  chloroform  with  aniline. 

SUMMARY 

1.  The  three  ternary  systems  ethyl  alcohol  -aniline,  ethyl  alcohol  —  chloroform  and  chloroform  — 
aniline  were  investigated  by  measurements  of  surface  tension,  viscosity  and  density  at  0,  5,  10,  15,  20  and  25®, 
and  by  measurements  of  refractive  index  at  20*. 

2.  The  surface  tension  isotherms  of  the  system  ethyl  alcohol  ~  aniline  exhibit  a  sag  which  indicates 
formation  of  a  chemical  compound  of  1:1  composition. 

The  surface  tension  isotherms  of  the  systems  ethyl  alcohol  —  chloroform  and  chloroform  —  aniline  are 
characteristic  of  systems  without  chemical  Interaction. 

3.  The  viscosity  isotherms  of  all  three  systems  have  the  form  characteristic  of  systems  without  chemi¬ 
cal  interaction. 

4.  The  specific  volume  isotherms  of  the  system  ethyl  alcohol  -  aniline  are  convex  to  the  axis  of  com¬ 
position,  indicating  contraction  in  the  system,  while  the  specific  volume  isotherms  of  the  systems  ethyl  alcohol - 
chloroform  and  chloroform  —  aniline  are  straight  lines. 

5.  The  refractive  index  isotherms  are  concave  to  the  axis  of  compositions  for  all  three  systems. 
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COMPLEX  COMPOUNDC  OF  COPPER  V/ITH  DERIVATIVES  OF  BARBITURIC  ACID 

AND  PYRIDINE 

Ya.  A.  Fialkov  and  L.  I.  Rapaport 


Derivatives  of  barbituric  acid  (barbiturates) 

R.  CO-NH 
Rb/^\  CO-NH/^ 

are  capable  of  forming  colored  complex  compounds  with  cations  of  a  series  of  heavy  metals.  With  salts  of 
copper  and  certain  other  metals  in  presence  of  pyridine,  barbiturates  form  mono-and  disubstituted  complexes 
of  the  type  of: 

I.  (barb.’)2M  •  Pyj,  in  which  (barb,')  is  a  barbiturate  in  the  form  of  an  anion  of  a  monobasic  acid; 

M  is  Cu,  Cd,  Mn  or  Ag2:  Py  is  pyridine. 

II.  (barb.**)  M  .  Py2,  in  which  (barb.'*)  is  an  anion  of  a  barbiturate  as  dibasic  acid;  M  is  Cu,  Ni  or 

Agz. 

Monosubstituted  complex  salts  (I)  were  obtained  for  veronal  [1];  for  luminal,  both  monosubstituted 
;:f  It?  t.'crc  obtri.icd  (1)“  by  addition  to  a  solution  of  luminal- sodium  of  cupric  chloride  and  pyridine-and 
disubstituted  salts  (II)—  by  addition  of  the  same  reactant  to  a  solution  of  1  mole  luminal  containing  2  moles 
sodium  hydroxide  [2]. 

Formation  of  these  complexes  hes  at  the  basis  of  one  of  the  reactions  for  detection  of  barbiturates  [3]. 

Similar  complex  compounds  of  copper  are  also  known  for  other  organic  acids.  Thus,  for  example, 

V.  I.  Kuznetsov  [4]  reacted  benzoates  of  alkali  metals  with  copper  salts  in  presence  of  pyridine  and  obtained 
the  complex  CuPy2  (CjH5COO)2.  A.  K,  Babko  and  co-workers  [5-7]  closely  investigated  the  system  copper - 
pyridine-  salicylate  by  measurement  of  the  extinction  of  color  of  solutions  containing  ions  of  copper  and 
salicylate  in  presence  of  pyridine.  He  determined  the  composition  and  assigned  to  the  complex  the  structural 

,  /°\  /I 

formula  C5K4V  • 

\:oo^  ^Py 

The  reaction  with  pyridine  and  copper  sulfate  was  tested  by  Garratt  [8]  for  quantitative  determination 
of  veronal,  but  without  success.  According  to  Garratt  the  composition  of  the  separated  precipitate,  calculated 
form  the  copper  content,  did  not  correspond  to  the  formula  Cu  (barb.’)2  •  Py2.  An  appreciable  amount  of  bar¬ 
biturate  remained  in  the  filtrate. 

The  presence  of  the  grouping  CONHCONHCO  has  a  great  influence  upon  the  chemical  properties  of 
barbituric  acids.  It  endows  barbiturates  with  the  ability  to  undergo  amido-imido  tautomerism  with  formation 
of  one  or  two  -C(OH)=  =N-  groups  which  intensify  the  acidic  character  of  barbiturates.  This  circumstance,  as 
also  the  presence  of  electron  donators  (atoms  of  nitrogen  and  oxygen),  creates  favorable  conditions  for  forma¬ 
tion  of  inner-complex  salts  of  barbiturates  of  diverse  composition. 

Barbiturates  are  very  weak  acids  with  a  dissociation  constant  of  the  order  of  10  10“*  [9];  there¬ 

fore  the  process  of  interaction  of  barbiturates  with  salts  of  heavy  metals  is  bound  to  be  greatly  influenced  by 
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the  pH  of  the  reaction  medium.  Rise  of  the  pH  into  the  strongly  alkaline  region  displaces  the  tautomeric  equi¬ 
librium  and  enables  barbiturates  to  react  like  dibasic  acids,  a  property  that  may  not  be  reflected  in  the  com¬ 
position  of  the  complexes. 

In  this  coimection  we  undertook  experiments  on  the  preparation  of  copper  -  pyridine  complex  com¬ 
pounds  of  barbiturates  in  presence  of  1  or  two  moles  sodium  hydroxide  per  mole  barbiturate,  and  in  some  cases 
with  excess  of  alkali. 

EXPERIMENTAL 

The  following  barbiturates  were  selected  for  study  of  the  influence  of  substituents  in  the  barbituric 
acid  ring  at  the  carbon  in  the  5-position  and  at  the  nitrogen:  a)  5,5-diethyl-barbituric  acid  (veronal),  b)  5,5- 
phenyl-ethyl-barbituric  acid  (luminal),  c)  5,5-ethyl-isoamyl-barbituric  acid  (amytal),  d)  5,5-isopropyl- 0- 
bromoallyl-N-methyl-batbituric  acid  (acid  form  of  pronarcone).  The  amount  of  copper  sulfate  taken  in  pre¬ 
paring  the  complexes  corresponded  to  1  -  2  moles  per  mole  barbiturate.  Pyridine  was  taken  in  the  amount  of 
4  to  10  moles  per  mole  barbiturate. 

Monosubstituted  copper-pyridine  complexes  were  obtained  in  the  following  manner:  to  a  weighed 
quantity  of  the  acidic  form  of  the  barbiturate  (3  —  5  g)  or  its  monosubstituted  sodium  salt*  was  added  10  ml 
pyridine  and  a  0.5  N  solution  of  CUSO4.  After  a  short  interval  a  precipitate  came  down  and  was  isolated  as 
described  above.  Since  amytal  is  very  much  more  sparingly  soluble  in  water  than  veronal  and  evidently  reacts 
slowly  with  copper  sulfate,  a  mixture  of  the  complex  and  unreacted  amytal  comes  down  under  the  conditions 
of  such  an  experiment.  The  amytal  is  removed  by  washing  the  previously  dried  precipitate  with  ether. 

The  same  procedure  was  applied  to  preparation  of  disubstituted  complexes  with  the  difference  that 
to  the  weighed  sample  of  acid  form  of  barbiturate  was  added  2  —  2,3  moles  sodium  hydroxide.  The  resultant 
precipitates  usually  contain  a  small  amount  of  copper  hydroxide.  By  addition  of  ammonium  chloride  (2  -2.5  g) 
the  Cu  (OH)j  can  be  converted  into  a  soluble  complex  [Cu  (NHs)  2(H|0)i]  Clj,  after  which  the  precipitate  is 
treated  as  described  above. 

For  quantitative  analysis  the  prepared  complexes  were  first  decomposed  with  1  N  sulfuric  acid 

solution.  The  barbiturate  was  extracted  with  ether  and  after  evaporation  of  the  solvent  it  was  titrated  with  a  sol¬ 
ution  of  NaOH  or  AgNOs;  copper  was  determined  iodometrically.  Pyridine  was  determined  by  running  an  exact 
.•'.mount  of  1  N  sulfuric  acid  solution  into  a  v/eighed  sample  of  complex  and  by  titrating  the  excess  of  the  former 
with  alkali  solution  (indicator  consisting  of  3  drops  dimethylaminoazobenzene  solution  and  1  drop  methylene 
blue).  The  difference  between  the  amount  of  acid  consumed  in  the  overall  reaction  with  copper  and  pyridine 
and  the  doubled*  *  amount  of  NajSjPs  solution  consumed  in  the  iodometric  titration  of  the  copper  corresponds 
to  the  content  of  pyridine  in  the  weighed  sample  of  complex. 

The  presence  of  water  of  crystallization  was  detected  in  the  following  manner:  0.8  -  1  g  preparation 
was  placed  in  a  test  tube  which  was  closed  with  a  stopper  and  heated  (over  a  spirit  lamp)  until  the  preparation 
decomposed.  The  drops  of  liquid  condensing  on  the  sides  of  the  test  tube  were  taken  up  on  a  strip  of  filter  pa¬ 
per.  The  latter  was  transferred  to  another  test  tube  to  which  was  added  1  -  2  ml  ligroine  and  0.05  -  0.1  g  po¬ 
tassium  bichromate;  it  was  then  gently  shaken.  In  presence  of  water  the  filter  paper  acquired  a  yellow  color. 

The  intensity  of  the  color  is  proportional  to  the  water  content.  Pyridine  does  not  give  this  reaction  and  does 
not  interfere  with  the  water  determination. 

In  the  table  ate  set  forth  the  results  of  analysis  of  the  preparations  obtained  with  definite  ratios  of  re¬ 
actants;  their  physical  properties  are  listed  and  also  the  solubility  data  for  the  complexes  in  chloroform.  These 
complexes  are  insoluble  or  very  poorly  soluble  in  water,  alcohol,  ethyl  ether  and  acetone.  Chloroform  solutions 
of  the  complexes  with  veronal  and  amytal  do  not  conduct  current. 

Inorganic  acids  decompose  copper-pyridine  complexes  of  barbiturates  with  liberation  of  the  free  bar¬ 
bituric  acids  according  to  the  scheme: 

[Cu  (barb.’)i .  Py*]  +  2H1SO4  =  2  (barb.’H)  +  CUSO4  +  (C5H5NH)2S04. 

Solutions  of  caustic  alkalies  also  decompose  these  complexes  with  formation  of  cupric  hydroxide: 

*  Prepared  form  the  acidic  form  by  addition  of  an  equimolar  amount  of  NaOH 

**  Due  to  the  difference  in  gram -equivalents  of  copper  in  the  reaction  with  sulfuric  acid  and  in  the  iodometric 
determination. 


[Cu  (barb.’)*.  Pyj  ]  +  2NaOII  =  2  barb.’  Na  +  Cu  (OH)*  +  2C5H5N. 

V/ith  excess  of  ammonia  solution,  copper  ammine  is  formed  and  pyridine  is  liberated: 

[Cu  (barb.’)*.  Py*]  +  6NH3  +  2H*0  =  [Cu  (Nns)^]  (OH)*  +  2  barb.’  NH4  +  2C5H5N. 

The  disubstituted  complexes  of  barbiturates  react  similarly. 

EVALUATION  OF  RESULTS 

The  experimental  data  presented  in  the  table  show  that  two  types  of  complexes  can  be  obtained  by 
interaction  of  copper  salts  with  barbituric  acids -mono- and  disubstituted  salts  of  barbiturates,  depending  upon 
the  molar  ratio  of  sodium  hydroxide  and  barbiturate.  In  experiments  with  the  acidic  forms  of  barbiturates 
(in  the  absence  of  caustic  alkali),  veronal,  luminal  and  amytal  form  monosubstituted  complexes  with  the  gen¬ 
eral  formula  Cu  (barb.’)* .  Py*.  In  experiments  with  equimolar  ratio  of  sodium  hydroxide  to  barbiturate,  such 
complexes  could  be  obtained  for  luminal,  amytal*  and  pronarcone. 

In  cases  when  2  moles  of  sodium  hydroxide  per  mole  barbiturate  participate  in  the  preparation  of 
the  copper -pyridine  complexes  of  barbiturates,  disubstituted  salts  are  formed  with  luminal  Cu  (lumin.")- 
•PyH*0**,  veronal  Cu  (veron.").  Py* .  2I!*0,  and  amytal  Cu  (amyt.“).  Py* .  2H*0***  . 

Formation  of  only  monosubstituted  salts  of  pronarcone  with  participation  of  both  1  and  2  moles  of 
sodium  hydroxide  must  be  attributed  to  the  fact  that  in  the  molecule  of  this  barbiturate  the  hydrogen  of  one 
of  the  imido  groups  is  substituted  by  a  methyl  group  which  rules  out  the  possibility  of  formation  of  disubstituted 
salts. 


A  phenomenon  of  opposed  character  was  observed  in  experiments  with  veronal:  independently  of  the 
molar  ratio  of  sodium  hydroxide  to  barbiturate  (1:1  or  2:1),  only  the  disubstituted  salt  was  obtained 
Cu  (veron.").  Py* .  nH*0  (n  =  2  or  3). 

We  suggest  that  this  behavior  is  due  to  the  considerably  greater  solubility  of  the  monosubstituted  salt. 
Moreover,  the  reaction  of  formation  of  copper-pyridine  complexes  of  veronal  is  very  sensitive  to  an  increase 
of  the  pH  of  the  medium,  and  therefore  the  monosubstituted  salt  Cu  (veron.’).  Py*  could  only  be  obtained  from 
the  acidic  form  —  without  addition  of  alkali.  A  similar  but  considerably  weaker  effect  of  alkali  was  manifested 
also  in  the  experiments  with  amytal;  on  addition  of  1  mol  sodium  hydroxide  to  1  mol  barbiturate,  as  in  the  ex¬ 
periments  with  the  acidic  form,  the  monosubstituted  salt  Cu  (amyt.*)*.  Py*  is  formed,  but  together  with  a  small 
amount  of  the  disubstituted  salt. 

The  composition  of  the  complexes  is  not  affected  by  excess  of  copper  sulfate  up  to  double  or  even  up 
to  four  times  the  amount  in  relation  to  the  stoichiometric  ratio  (  in  experiments  on  preparation  of  monosubsti¬ 
tuted  salts). 

The  physical  properties  of  copper-pyridine  complexes  of  barbiturate  compounds  [  vivid,  bright  or 
dark -lilac  color  not  characteristic  of  salts  of  divalent  copper,  the  relatively  high  temperature  of  decomposi¬ 
tion  or  melting  of  the  complexes,  the  insolubility  in  water,  alcohol,  ether  and  acetone,  and  the  solubility  in 
chloroform  (with  exception  of  luminal  derivatives)]  entitle  us  to  class  these  compounds  as  inner-complex  salts. 
The  copper  in  them  is  linked  to  the  nucleus  of  the  barbiturates,  while  the  pyridine  molecules  are  coordinated 
at  the  central  copper  atom.  A  similar  phenomenon  -  coordination  of  polar  molecules  at  the  central  atom  of 
inner-complex  salts  -  is  encountered  in  a  series  of  other  complexes,  for  example  acetylacetonates  [10], 

Addition  of  pyridine  to  copper  is  reflected  in  the  color  of  the  salts.  Precipitates  of  copper  barbiturates, 
formed  by  reaction  of  CUSO4  with  sodium  salts  of  barbituric  acids,  are  usually  green.  On  running  pyridine  into 
these  precipitates,  they  acquire  a  lilac  color.  The  structure  of  monosubstituted  complex  salts  of  barbituric  acids 

•  The  slightly  high  content  of  copper  in  the  prepared  complex  in  comparison  with  the  calculated  value  for 
Cu  (amyt.’)*.  Py*  and  the  correspondingly  low  content  of  amytal  and  nitrogen  can  be  evidently  accounted  for 
by  the  formation  under  the  experimental  conditions  of  a  small  amount  of  the  disubstituted  salt  Cu  (amyt."). 

.  Py*  in  the  approximate  ratio  of  6:1. 

♦  *  According  to  [2]  a  complex  with  the  composition  Cu  (lumin.") .  Py*  was  ol  mined. 

••*  The  slightly  high  content  of  copper  and  amytal  and  the  lower  content  of  pyridine  and  nitrogen  in  this  com¬ 
plex  (see  table)  can  be  explained  by  the  presence  in  the  analyzed  salt  of  a  trace  of  the  complex  Cu  (amyt."). 
.Py.H*0. 
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TABLE 


Copper-pyridineComplex  Compounds  of  Barbiturates 


Luminal 


Cu(Ci2HuOsN2)|  •  Py2 


Cu(Ci2Hi0O3N2)  •  Py  •  HjO 


Veronal 

Cu^C^HllOJN2)J  •  Pyj 


Cu(C,HioOjN2).Py2-3H20 


Cu(C,Hu03Ni).Pyj.  2HjO 


1.0  9.60 

1.0  9.50 

2.0  9.46 

1.0  16.10 

1.0  16.20 

1.0  16.30 


1.2  10."'?  10.80 

1.2  13.60  13.88 

1.2  13.70 

1.2  14.60 

1.2  14.63 

1.2  14.71 


Results  of  analysis  (in  °Io) 


barbiturate 


calculated  I  found  I  calculated 


67.20  67.59 

67.60 
67.40 

59.60  58.89 
58.50 

59.10 

62.17  62.29 


Amytal  ••• 

Cu(CiiHi703N3)3  •  Py3 


1  2.0 

Cu(CiiHi|03N3)*  Pyt  •  2H3O  I  2.0 


1.9  9.42 

1.9  10.80 

1.9  10.70 


13.70  13.18 

14.00  i' 


Pronarcone 


Cu(CiiHi^3NjBr)2  •  Py^ 


2.0  7.90 
2.0  8.06 
2.0  8.05 


•  The  compounds  aniytal  and  pronarcone  were  prepared  for  the  fist  time  by  us. 


Results  of  analysis  (in  °]o) 

r  Properties 

of  complex  compounds 

pyridine 

1  nitrogen 

1  color 

solubility  in 
chloroform 

behavior  in  heating  *  • 

found 

calculated 

found 

calculated 

22.60 

23.12 

11.90 

12.28 

1  ■  . 

22.50 

12.10 

\  Bright 

Insoluble 

Decomposes  at  244-246* 

22.70 

1  lilac 

21.20 

20.23 

10.75 

10.74 

1 

20.50 

- 

/  Coffee* 

Insoluble 

Decomposes  at  255-257* 

20.60 

10.75 

Turns  green  at  220*,  decomposes  at 

24.37 

26.89 

- 

- 

1:  500 

235-237* 

34.20 

34.56 

12.20 

12.28 

1 

Bright 

1:  200 

Turns  green  at  150®,  decomposes  at 

34,50 

- 

J 

^  lilac 

2C0-263® 

33.80 

35.95 

12.40 

12,73 

1 

Dark- 

1:150 

Turns  green  at  150®  and  decompose 

34.00 

- 

violet 

at  238-241® 

33.50 

12.30 

24.27 

23.53 

— 

12.50 

1 

Lilac 

1:50 

Decomposes  at  208-210® 

23.20 

12.05 

23.50 

- 

1 

29,60 

32.82 

10.85 

11.62 

Dark 

1:  20 

Partly  melts  at  197-200®  with  decor 

29.10 

- 

i 

lilac 

position 

19.83 

19.15 

_ 

N 

Dark- 

M.p.  201-203® 

19.60 

- 

violet 

19,60 

, 

! 

•  The  original  dark- lilac  color  changes  when  salt  is  dried  in  a  desiccator  and  becomes  coffee  -color, 
*•  In  all  cases  pyridine  was  evolved  on  heating  to  the  specified  temperature. 
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can  evidently  be  represented  by  one  of  the  following  two  formulas  (R^  and  Rj  -  are  hydrocarbon  radicals):. 

,NH-CO^  ^ 


o-< 


fy' 


o-c 


iNh-CP^  /Ks 

C  1^ 
_ ^ 

N — 


cf  \  NH-CO  X 


NH-C 


(I)  (JT) 

For  disubstituted  copper -pyridine  complexes  of  barbiturates  the  structural  formula  (111)  may  be  pro¬ 


posed: 


on) 


The  coordination  number  of  copper  in  these  complexes  is  6.  The  water  molecules  in  complexes 
containing,  apart  from  2Py,  2  or  3  HjO  are  apparently  combined  through  hydrogen  bonds. 


The  following  experimental  data  permit  an  approximate  evaluation  of  the  stability  of  the  above- 
described  complex  compounds.  These  compounds  are  precipitated  in  presence  of  pyridine,  present  even  in 
considerable  excess;  consequently  their  instability  constant  is  lower  than  the  instability  constant  of  [CuPy^]' 
which  is  8  •  10~*'[6]. 


,1  + 


According  to  the  data  of  A.  K.  Babko  [11]  the  dissociation  constant  of  C 


.H4C  > 


% 


(or  CuSal'*) 


00- 


is  2,3  •  10“^\  This  salicylate  complex  displaces  pyridine  form  the  inner  sphere  of  the  pyridine  complex  of 
copper  [CuPyj]*,  afterwards  combining  with  it  with  formation  of  a  ternary  compound  Cu  (Sal.").  Py2.  We  have 
established  that  on  addition  of  barbiturate  to  a  solution  of  Cu  (Sal.").  Pyj,  the  complex  Cu  (barb.*)*  .  Py*  is 
precipitated.  This  must  be  due  to  displacement  of  salicylate  ions  from  the  complex  Cu  (sal.").Py2  and  their 
replacement  by  barbiturate  ions.  This  indicates  that  the  instability  constant  of  the  complex  Cu  (barb.*)* .  Py* 
is  lower  than  the  instability  constant  of  Cu  (Sal.“).  Py*. 


In  presence  of  ammonia  solution,  however,  copper -pyridine  complexes  of  barbiturates  are  not  formed; 
this  is  evidence  that  the  instability  constants  of  the  prepared  complexes  are  higher  than  the  instability  constant 
of  copper  ammine  [Cu  (NH3)4]*  (K  =  2 . 10“  ^)  [12].  We  can  therefore  conclude  that  the  instability  constant  of 
the  complex  Cu  (barb,*)* .  Py*  is  in  the  range  of  10”^^- 10““. 


Consequently  it  may  be  postulated  that  complex  compounds  of  copper  with  barbiturates  and  pyridine 
must  be  regarded  as  complexes  of  relatively  poor  stability.  Evidence  in  support  of  this  is  their  decomposition 
by  solutions  of  inorganic  acids,  caustic  alkalies  and  ammonia. 


Results  of  experiments  on  preparation  and  investigation  of  complex  compounds  of  copper  with  bar¬ 
biturates  and  pyridine  are  also  of  practical  value,  since  a  method  of  quantitative  determination  of  certain  bar¬ 
biturates  has  been  developed  on  their  basis.  This  method  consists  in  precipitation  of  copper-pyridine  complexes 
of  barbiturates,  using  excess  of  titration  solution  of  copper  sulfate,  followed  by  iodometric  titration  of  this  excess. 


SUMMARY 

1.  A  study  was  made  of  the  process  of  chemical  interaction  of  barbiturates  —  luminal,  veronal,  amytal 
and  pronarcone  —  with  salts  of  divalent  copper  in  presence  of  pyridine. 
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2,  Conditions  were  established  in  which  are  formed  both  monosubstituted  copper-pyridine  salts  of 
barbiturates  of  the  general  formula  Cu  (barb.')j  •  Py*  and  disubstituted  salts  Cu  (barb.")*  Pyj,  usually  crystal¬ 
lizing  2  or  3  molecules  of  water. 

3.  The  prepared  copper -pyridine  complexes  of  barbiturates  are  inner-complex  salts  with  a  copper 
coordination  number  of  6. 
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A  NEW  METHOD  OF  SYNTHESIS  OF  ESTERS  OF  PHOSPHINIC  AND 
TIIIOPHOSPHINIC  ACIDS* 


XXIII.  ADDITION  OF  PHOSPHONOACETIC  ESTER,  PHOSPHONOACETONE  AND  ITS  HOMOLOGS  TO 

UNSATURATED  COMPOUNDS 

A.  N.  Pudovik  and  N.  M.  Lebedeva 


In  the  preceding  communications  [1,2]  we  showed  that  phosphonoacetic  ester,  containing  mobile  hy¬ 
drogen  atoms  in  the  methylene  group,  is  capable  of  adding  on  to  esters  and  nitriles  of  various  a,  6 -unsaturated 
carboxylic  acids  and  to  a,  6 -unsaturated  ketones,  and  of  entering  into  condensation  reactions  with  aromatic 
aldehydes.  Additions  of  phosphonoacetic  ester  and  its  homologs  to  electrophilic  reactants  has  also  been  report¬ 
ed  by  Mikhakski  and  Fischer  [3].  They  obtained  products  of  addition  of  phosphonoacetic  ester  to  acrylonitrile 
and  ethyl  cinnamate,  and  of  butylphosphonoacetic  ester  to  methyl  acrylate  and  acrylonitrile.  In  all  these  re¬ 
actions  phosphonoacetic  ester  behaves  like  malonic  and  acetoacetic  esters.  However,  its  reactivity,  especially 
in  condensation  reactions,  is  low  due  to  the  weak  electtophilic  properties  of  the  phosphono  group. 

In  the  present  investigation  we  realized  the  addition  of  phosphonoacetic  ester  to  a  series  of  nitriles 
and  esters  of  unsaturated  carboxylic  acids. 

Performance  of  the  reaction  between  phosphonoacetic  ester  and  methyl  acrylate  in  presence  of  excess 
of  the  latter  led  to  products  of  addition  to  one  and  two  molecules  of  unsaturated  ester  -  the  methyl  ester  of 
a-diethylphosphono-glutaric  acid  and  the  dimethyl  ester  of  y-diethylphosphono-y-carboxyethyl-pimelic  acid 
in  total  yield  of  Sl.S^: 

O 

II  CslLONa 

(CiH50)iPCl%C00C2H5  +  3CHj  =  CH-  COOCHj  - ► 

O  COOCjHc  O  COOC2H5 

II  I  !li 

_ _  (C8HgO)jPCHCHgCF%COOCHs  +  (CjHgO)gPC(CHjCH2COOCH8)2. 


The  reaction  was  conducted  in  presence  of  sodium  ethoxide  and  went  with  considerable  heat  develop¬ 
ment  in  the  reaction  mixture.  The  prepared  esters  a  colorless,  viscous  liquids,  readily  soluble  in  alcohol,  ether 
and  other  organic  solvents;  they  have  limited  solubility  in  water  and  exhibit  surface  activity  in  relation  to  water, 
The  addition  of  phosphonoacetic  ester  to  ethyl  crotonate  and  ethyl  cinnamate  goes  less  energetically.  In  both 
cases  we  succeeded  in  isolating  only  one  product:  the  diethyl  ester  of  a-diethylphosphono-6-methylglutaric 
acid  and  the  diethyl  ester  of  a-diethylphosphono-S-phenylglutaric  acid. 

Reaction  of  phosphonoacetic  ester  with  methacrylonitrile  and  vinylacetonitrile  went  very  much  more 
slowly  than  with  acrylonitrile.  On  the  analogy  of  the  additions  of  dialyl  phosphorous  acids  [4],  we  assumed 
that  in  the  case  of  addition  of  phosphonoacetic  ester  in  presence  of  alkoxyl  anions,  vinylacetonitrile  isomerizes 
to  the  thermodynamically  more  stable  crotonitrile:  O 

II 

OCtHg-  (CgHgO)2PCH2COOC2H6 

CH2=CHC1%CN - CHsCH^=CHCN  - ► 

I? 

(C2HsO)2PCHCHCI^CN. 

COOQHg 

•  Preceding  communication,  see  [1]. 
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The  reaction  gives  the  ethyl  ester  of  a-diethylphosphono-6-methyl-y-cyanobutyric  acid.  The 
constants,  yields  and  analyses  of  the  synthesized  compounds  are  detailed  in  Table  1,  Saponification  of 
some  of  the  prepared  substances  did  not  lead  to  satifactory  results;  the  corresponding  acids  are  viscous, 
colorless  or  faint-yellow  liquids,  which  do  not  crystallize  on  standing  for  some  months. 

TABLE  1. 


Formula 

Boiling  point 

(pressure  in 
mm) 

"d 

d*» 

MRp 

Analysis  for 

P  (in  %) 

Yield 
(in  % 

found 

calcu¬ 

lated 

found 

calcu¬ 

lated 

(C2HjO)i^PCHCHCF%COOCHj 

C)  COOC2H5 

167-168*(2) 

1.4410 

1.1368 

72.04 

71.79 

9.75, 

9.65 

10.00 

\ 

>  81.5 

> 

(CjHgOljPQCHjCHjCOOCHj)* 

dJ  ioOCjHj 

199-200(1) 

1.4550 

1.1712 

91.75 

91.91 

7.90, 

7.91 

7.83 

(C,H50)2P<j:HCH(CHj)CHCOOCjH5* 
OCOCXltHg  ' 

1 

- 

- 

- 

- 

9.35 

9.26 

17 

(C2H50)jj^(j:HCH,CH(CHs)CN 

6  COOCtHj 

166-167(2.5) 

1.4418 

1.1045 

69.72 

69.95 

10.91, 

11.00 

10.65 

22.0 

(CjH50)2PCHCH(CHj)CH2CN 

(5  ioOCiHg 

164(4) 

1.4458 

1.1144 

69.61 

69.95 

10.61, 

10.71 

10.65 

67.8 

The  study  of  the  properties  of  the  phosphorus -containing  analog  of  acetoacetic  ester  -  phosphonoacetone  - 
was  continued.  We  synthesized  phosphonoacetone,  according  to  [5],  by  the  action  of  bromoacetone  on  triethyl 
phosphite.  For  reactions  we  used  a  product  with  b.p.  126- 127*  (9mm)  and  n53  1.4345.  We  performed  the  alky¬ 
lation  of  phosphonoacetone  by  acting  with  alkyl  halides  on  its  sodium  and  potassium  derivatives.  Formation  of 
metallic  derivatives  of  phosphonoacetone  takes  place  slowly  and  incompletely  due  to  their  poor  solubility  in 
ether.  This  creates  definite  difficulties  for  isolation  of  the  alkylation  products  since  their  boiling  point  is  very 
close  to  that  of  phosphonoacetone.  Methyl  and  ethyl  derivatives  of  phosphonoacetone  were  obtained  in  yields 
of  about  437o. 

Addition  of  phosphonoacetone  and  its  homologs  to  unsaturated  compounds  was  accomplished  by  the 
general  method  in  presence  of  an  alkaline  catalyst.  We  have  preciously  effected  the  addition  of  phosphono¬ 
acetone  to  acrylonitrile  when  products  of  addition  to  one  and  two  molecules  of  acrylonitrile  were  obtained. 

In  the  present  investigation  we  added  phosphonoacetone  to  methyl  acrylate,  diethyl  maleate,  diethyl  acetyl- 
enedicarboxylate  and  ethylideneacetone;  we  also  added  ethylphosphonoacetone  to  acrylonitrile.  The  reactions, 
with  exception  of  the  first  and  the  last,  go  slowly  and  have  a  very  small  thermal  effect;  for  their  completion 
they  require  the  introduction  into  the  reaction  mixture  of  considerable  amounts  of  catalyst  and  prolonged  heat¬ 
ing.  With  methyl  acrylate  we  obtained  two  addition  products -the  methyl  ester  of  y-diethylphosphono-yaceto- 
butyric  acid  and  the  dimethyl  ester  of  y-diethylphosphono-y -acetopimelic  acid.  Both  products  are  colorless, 
viscous  liquids  with  a  faint  odor,  readily  soluble  in  organic  solvents,  partly  soluble  in  water.  In  the  remaining 
cases  products  of  addition  of  phosphonoacetone  'o  only  one  molecule  of  ur.siitiu;  ted  cou.puund  v/ere  ol.lrin.ec’. 

The  constants,  yields  and  analyses  of  the  synthesized  compounds  are  detailed  in  Table  2,  Some  of  the  prepara¬ 
tions  were  saponified  but  we  failed  to  obtain  the  corresponding  acids  in  the  crystalline  form. 

EXPERIMENTAL 

/  t:»  ;i  of  ’.o--  hor.oacetone.  Synthesis  of  2-diethj,drhosphonobutanone-3.  The  sodiuni  derivative 

of  phosphonoacetone  v/as  prepared  in  ethereal  solution  from  1.76  g  metallic  sodium  and  15  g  phosphonoacetone. 

The  reaction  was  conducted  with  stirring  and  heating.  /  ftcr  the  whole  of  the  sodium  had  reacted,  13  g  methyl 


•  M.p.  75-76*. 


iodide  v/as  added  to  the  reaction  mixture.  Heating  for  5  hours  follov/ed  by  fractionation  ['rwe  g 
2-diethylphosphonobutanone-3. 

B.p.  109-nr  rt3  urn.  n^  (4®  I.!'!  MI’jj  '•0.29;  calc.  50.02. 

Found  7a:  P  14.89,  14.51.  C,Hit04P.  Calc.  P  14.76. 

Synthesis  of  3-diethvlphosphonopentanone-4.  The  potassium  derivative  of  phosphonoacetone  was 
prepared  from  3.91  g  metallic  potassium  and  19.6  g  phosphonoacetone  in  ethereal  solution.  For  completion 
of  the  reaction  the  mixture  was  heated  on  a  water  bath  for  6  hours  with  stirring,  15,6  g  methyl  iodide  was 
then  run  in,  and  heating  and  stirring  were  continued  another  4  hours.  Fractionation  of  the  reaction  mixture 
gave  14.8  g  3-diethylphosphonopentanone-4. 

B.p.  128-129*  at  11  mm,  ng  1.4370,  4®  1.0724,  MRd  54.28;  Calc.  54.64. 

Found  7o:  P  14.44,  14.32.  CgHuO^.  Calc.^o:  P  13.97. 

Procedure  for  adding  phosphonoacetic  ester  and  phosphonoacetone  to  unsaturated  compounds.  The 

reactions  were  performed  with  equimolar  amounts  of  reactants  in  presence  of  sodium  methoxide  or  ethoxide, 
as  described  in  [6].  Depending  upon  the  reactivity  of  the  unsaturated  compounds,  the  period  of  heating  of 
the  reaction  mixtures  varied  between  0.5  and  3-4  hours. 

TABLE  2. 


Formula 

Boiling  point 
(pressure  in  mm) 

di® 

MRd 

Analysis  for 

P  (in  7o) 

Yield 
(in  %) 

found 

found 

(C2H50)2PCHCH2CH2CCX)CH3 
!)  COCH3 

160-162*(3) 

1.4488 

1.1347 

66.16 

65.53 

11.31, 

11.18 

11.07 

> 

^  54 

(C2H50)2PC(CH2CH2C00CH3)2 

0  COCH3 

CCX5C2H5 

188-192(1) 

1.4582 

8.37, 

8.63 

8.42 

4 

(  C2H50)2PCHCHCH2C00C2H5 

A  COCH3 

COOC2H5 

183-184(3) 

1.4590 

1.1725 

85.35 

85.65 

8.56, 

8.37 

8.46 

47.5 

(C2H50)2PCHC~  CHCOOCiHr 

II 1 

0  COCH3 

C2H5 

183(2) 

1.4670 

8,74, 

8.54 

8.52 

10.0 

(C2HgO)2jjc!:CH2CH2CN 

0  COCH3 

185(5) 

1.4577 

1.1022 

68.11 

68.31 

11.23, 

11.18 

11.27 

70.5 

SUMM  ARY 

1.  The  addition  was  effected  of  phosphonoacetic  ester  to  ester  of  acrylic  and  crotonic  acids,  as  well 
as  to  nitriles  of  methacrylic  and  vinylacetic  acids. 

2.  Phosphonoacetone  was  alkylated:  2-diethylphosphonobutanone-3  and  3-diethylphosphonopcntan 
one- 4  were  synthesized. 

3.  It  was  shown  that  phosphonoacetone  and  its  alkylated  derivatives,  in  presence  of  alkoxides  of 
alkali  metals,  add  on  to  esters  and  nitriles  of  unsaturated  carboxylic  acids. 
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THE  REACTIVITY  OF  ALKALI  SALTS  OF  DIALKYL  THI  OP  HOSP  H  ORI C  ACIDS 


I.  ALKYLATION  REACTIONS 
M.  I.  Kabachnik  and  T.  A.  Mastryukova 


Metallic  derivatives  of  tautomeric  substances,  such  as  keto-enols  and  lac  tim- lactams,  are  known 
to  possess  an  extremely  characteristic  dual  reactivity  which  is  manifested  in  reactions  of  alkylation  or  acyl¬ 
ation  by  the  formation  of  O-  or  even  C-  (or  N-)  derivatives.  According  to  A.  N.  Nesmeyanov  [1]  the  dual 
reactivity  in  these  and  similar  cases  is  associated  not  with  tautomerism  but  with  the  presence  of  a  system  of 
conjugated  double  bonds  in  the  molecules  of  these  substances  and  with  the  resultant  ability  to  enter  not  only 
into  1,2-reactions  but  also  into  1,4-reactions  (at  the  ends  of  the  conjugated  system  of  bonds). 

Among  the  interesting  tautomeric  compounds  of  this  type  are  thio  acids  containing  the  thiono- thiol 

grouping: 


0==A-S-H  H-0-A=S. 

The  atom  A  can  be  carbon  in  thiocarbonic  acids,  sulfur  in  thiosulfates,  phosphorus  in  thiophosphates, 
etc.  This  type  of  thiono-thiol  system  of  bonds  is  present  also  in  dialkyl  thiophosphates.  Recently,  in  collab¬ 
oration  with  S.  T.  Ioffe,  we  showed  the  occurrence  of  tautomeric  equilibrium  in  these  compounds  [2]: 

RO^  ^OH  RO'^ 

(I)  (H) 

We  establishf  i  that  the  equilibrium  position  depends  markedly  upon  the  nature  of  the  solvent.  Potent- 
iometric  investigation  showed  that  an  aqueous  solution  contains  about  75^0  of  the  thiol  isomer  (II),  while  an 
alcohol  solution  contains  25*70.  Methylation  with  diazomethane  of  an  ethereal  solution  of  diethyl  thiophosphoric 
acid  (equilibrium  mixture  of  isomers)  led  to  formation  of  80*70  of  the  derivative  of  form  (II)  and  20*75  of  the  iso¬ 
meric  derivative.  Consequently,  both  the  potentiometric  investigation,  with  whose  help  the  position  of  the 
tautomeric  equilibrium  was  established,  and  the  application  of  Arndt's  diazomethane  method  indicate  the  pre¬ 
sence  of  both  forms  in  solutions  of  dialkyl  thiophosphoric  acids;  hence  it  is  perfectly  natural  to  relate  the  dual 
reactivity  of  these  acids  (as  in  the  cited  reaction  with  diazomethane)  to  their  tautomerism.  In  this  connection 
the  question  of  the  reactivity  of  salts  acquires  great  interest,  in  particular  the  reactivity  toward  alkylating  and 
acylating  agents. 

In  salts  of  dialkyl  thiophosphoric  acids,  for  which  the  structure  (III)  or  (IV)  may  be  advanced: 

RO'^  N)Na 

(III)  (IV) 

there  is  a  otr- conjugate ^  system  of  bonds  Na— 0-P=S,  or  Na— S-P— O,  or  (with  an  ionic  sturcture)  the  pir -con¬ 
jugated  system  0— P=S  or  S— P=0,  which  in  themselves  could  be  the  cause  of  the  development  of  dual  reacti¬ 
vity. 

If  the  structure  of  the  salts  corresponds  to  form  (III)  (which,  as  we  shall  show  later,  is  more  probable), 
then  reactions  of  O- substitution  will  relate  to  the  1,2-type,  and  those  of  S- substitution  to  the  1,4- type  of  re¬ 
actions. 

Literature  data  on  the  question  of  the  structure  and  reactivity  of  salts  of  dialkylthiophosphoric  acids 


RO^^^S-Na 

RO^^ 
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are  conflicting.  Assuming  the  possibility  of  existence  of  two  isomeric  salts  of  dialkyl  monothiophosphoric 
acids,  some  authors  have  attempted  to  prepare  them  by  various  methods. 

Pishchimuka  [3]  obtaine'd  the  silver  salts  of  dialkyi  thiophosphoric  acids  by  the  action  of  silver  nitrate 
on  trialkyl  thiophosphates: 


RO^  “  S  +  AgNOj 
do/ 


RO-P==S 
do/  ^  1 


RO^-SAg  +RONOj, 


He  assigned  to  them,  in  correspondence  with  the  formation  reaction,  a  thiol  sturcture.  He  naturally  proposed 
the  same  sturcture  (IV)  for  the  sodium  salts,  since  the  silver  salts  obtained  from  them  were  identical  with  those 
mentioned  above.  On  alkylation  of  these  salts  with  alkyl  halides,  Pishchimuka  obtained  trialkyl  thiophosphates: 


RO-P-S-Ag  i-Rl 


RO— P-  SR  +  Agl, 


which,  in  his  opinion,  confirmed  the  structure  of  the  salts  as  thiol  derivatives. 

Mastin,  Norman  and  Weilmuenstei  [4]  synthesized  the  potassium  salt  of  diethyl  thiophosphoric  acid  by 
three  routes: 


1)  (C2H50)sPS  +  KOH  - ►  (C2HsO)iPSOK  +  QHgOH, 

2)  (QH50)jPSa  +  2KOH  - ►  (CjH50)iPSOK  +  KCl  +  HjO, 

3)  (QHgOljPOCl  +  2KSH  — >  (C2HgO)2PSOK  +  KCl  +  HjS. 

In  the  first  two  methods  they  started  from  compounds  known  to  contain  thiono  sulfur;  in  the  third  method 
the  sulfur  was  thiol.  In  all  three  cases  they  obtained  one  and  the  same  potassium  salt  with  m.p.  196-197". 

In  a  study  of  the  alkylation  of  the  diethyl  thiophosphates  of  potassium,  sodium  and  silver,  A.  E.  Arbuzov 
and  O.  M.  Shapshinskaya  [5]  attributed  a  thiono  structure  to  these  salts  (III). 

Schrader,  in  his  patent  specification  on  the  synthesis  of  Isosystox  [6],  postulates  the  tautomerism  of  the 
salts  of  dialkyl  thiophosphoric  acids  (III)  ^  (IV)  on  the  basis  of  their  dual  reactivity. 

Since  salts  of  dialkyl  thiophosphoric  acids,  whatever  their  structure,  can  react  both  with  migration  of 
a  reaction  center  and  without  it,  we  inust  recognize  the  impossibility  of  drawing  any  specific  conclusion  about 
the  suucture  of  the  starting  salts  and  still  less  about  their  tautomerism  on  the  basis  of  the  sturcture  of  the  pro¬ 
ducts  of  alkylation.  In  this  case  physical  data  are  the  most  reliable,  and  primarily  spectral  investigations. 

Gore  [7]  studied  the  infaiaied  spectra  of  numerous  thiophosphorus-organic  compounds  and  found  that 
the  spectrum  of  the  solid  potassium  salt  of  diethyl  thiophosphoric  acid  is  lacking  in  the  characteristic,  usually  very 
intense  band  in  the  1200-  1300  cm~^  region  corresponding  to  the  P=0  bond.  On  this  basis  he  assigned  a  thiono 
structure  to  this  salt.  In  the  light  of  these  more  trustworthy  data  and  taking  into  account  the  higher  electro  neg¬ 
ativity  of  oxygen  in  comparison  with  sulfur,  we  must  assume  that  alkali  salts  of  dialkyl  thiophosphoric  acids  most 
probably  possess  the  thion  structure  (III)  (with  strongly  ionized  O-  Me  linkage). 

It  was  recalled  above  that  Pishchimuka  alkylated  the  silver  salts  of  dialkyl  thiophosphoric  acids  with 
alkyl  halides  and  obtained  trialkyl  thiophosphates  whose  structure  could  be  established  with  difficulty.  Hoegberg 
and  Cassady  [8]  reported  that  alkylation  of  the  potassium  salt  of  diethyl  thiophosphoric  acid  gave  thiol  deriva¬ 
tives.  They  wrote  that  they  arrived  at  this  conclusion  on  the  basis  of  a  study  of  the  infrared  spectra  although 
they  did  not  give  further  details. 

Arbuzov  and  Shapshinskaya  [5]  assigned  a  thiono  structure  to  the  products  of  alkylation  of  diethyl- 
thiophosphoric  salts  with  ethyl  iodide  and  bromide,  on  the  basis  of  v.  con.parlson  of  the  pliysica’  constants  of 
triethylthioplio.sphate,  obtained  by  alkylation,  \/ith  the  constantsof  the  tr'etliylihionophosphate  described  by  Pishchimuka. 

Schrader  [6]  alkylated  the  sodium  salts  of  dialkyl  thiophosphoric  acids  with  chloroalkyl- alkyl  sulfides 
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ClGHjCH^SR  and  assigned  a  thiol  structure  to  the  products,  in  particular  to  the  isomer  of  the  known  insect¬ 
icide  "Systox"  (C2H50)2P0(SCH2CH2SC2H6).  Spectral  investigations  [9]  (infrared  spectra)  later  confirmed  the 
structure  of  "Systox"  as  the  thiono  isomer  and  that  of  "Isosystox"  as  the  thiol  isomer. 

We  undertook  a  special  investigation  of  the  problem  in  view  of  the  conflicting  data  of  different 
authors  for  the  direction  of  the  alkylation  of  alkali  salts  of  dialkyl  thiophosphoric  acid,  a  subject  of  extreme 
interest  from  the  standpoint  of  the  study  of  the  reactivity  of  salts  of  tautomeric  substances. 

In  the  first  place  we  had  to  convince  ourselves  of  the  identity  of  the  starting  salts  employed  by  various 
authors  in  alkylation  reactions.  We  synthesized  the  potassium  salts  of  diethyl  thiophosphoric  acid  by  the  method 
of  Arbuzov  [10]  and  Foss  [ll]-by  addition  of  sulfur  to  potassium  diethyl  thiophosphite  in  ether-alcohol  solution: 

(C2H50)2P0K  +  S  - ►  (CtHsOljPSOK, 

as  well  as  by  the  methods  of  Pishchimuka  [3]- saponification  of  triethyl  dithiophosphate  with  alcohol  solution  of 
potassium  hydroxide; 


+KOH  - ►  +C2H5SH 

'^SCjHg  ^OK 


and  by  saponification  of  triethyl  thiophosphate  with  alcoholic  solution  of  potassium  hydroxide,  which  was  also 
used  by  Mastin  et  al  [4]  (equation  1).  In  all  cases  we  obtained  one  and  the  same  potassium  salt  of  diethyl 
thiophosphoric  acid  with  m.p.  196-197®  in  exact  agreement  with  the  literature  data  [4,12].  Consequently  all 
five  methods  of  synthesis  lead  to  one  and  the  same  salt  which  was  investigated  by  Gore  [7].  Consequently  all 
the  authors  who  studied  the  alkylation  of  this  salt  were  dealing  with  one  and  the  same  substance.  There  is  no 
doubt  that  we  can  say  the  same  about  the  corresponding  sodium  salt. 

We  studied  the  reaction  of  alkylation  of  the  potassium  and  sodium  salts  of  diethyl  thiophosphoric  acid 
with  ethyl  bromide  and  benzyl  chloride  in  alcoholic  solution  with  heating  on  a  water  bath  for  4  hours.  Reaction 
with  ethyl  bromide  gave  an  SO^o  yield  of  triethyl  thiophosphate  with  constants  closely  agreeing  with  those  cited 
by  Pishchimuka  for  the  thiol  isomer.  For  comparison  we  synthesized  the  thiol  and  thion  isomers  by  the  methods 
of  Pishchimuka  which  gave  products  of  established  structure.  The  constants  of  the  substances  obtained  are  set 
forth  in  Table  1. 


The  data  of  Table  1  leave  no  doubt  whatever  that  alkylation  with  ethyl  bromide  of  the  potassium  salt 
of  diethyl  thiophosphoric  acid  gives  triethyl  thiophosphate.  Since  the  salt  has  the  thion  structure,  we  are  forced 
to  the  conclusion  that  its  alkylation  with  ethyl  bromide  goes  with  migration  of  the  reaction  center: 


CgHsO^  ^ 


0-K 


O' 


+  C2H5Qr 


SQHg 

C2H50^.%^ 


In  the  alkylation  of  the  sodium,  potassium  and  silver  salts  of  diethyl  thiophosphoric  acid  with  ethyl 
iodide  and  ethyl  bromide,  Arbuzov  and  Shapshinskaya  obtained  one  and  the  same  substance  with  b.p.  118®  at 
20  mm  and  np  ranging  from  1.4520  to  1.4530.  We  must  therefore  conclude  that  their  experiments  likewise 
gave  the  thiol  isomer  and  that  the  nature  of  the  metal  of  the  salt  and  of  the  halogen  of  the  alkyl  halide  does 
not  influence  (as  far  as  shown  by  the  examples  studied)  the  direction  of  the  alkylation,  which  proceeds  in  all 
cases  at  the  sulfur. 


Benzylation  of  sodium  diethyl  thiophosphate  with  benzyl  chloride  likewise  led  to  the  thiol  isomer  in 
55*70  yield: 

S  SCHgCeHg 

(QHgOljP.^  +C1CH2C,H5  - ►  (C2H60)2P.f  +  NaCl. 

^ONa  ^  O 


For  proof  of  its  sturcture  we  synthesized  diethylbenzylthionophosphate  from  diethyl chlorothionophosphate 
and  sodium  benzylate: 
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TABLE  1. 


Substance 

Boiling  point 
at  20  mm 

ni3 

d? 

1)  (C,HsO),PO(SC,H5) 
a)  Prepared  by  us  by  alkylation 

122.5-123' 

1.4578 

1.1067 

1.1254 

b)  Synthesized  by  us  by  Pishchimuka's  method 

121.5-122.5 

1.4580 

1.1063 

1.1254 

a)  Described  by  Pishchimuka 

122 

- 

- 

1.1245 

2)  (CjHjOjjPS 

a)  Prepared  by  us  by  Pischimuka's  method 

105-105.5 

1.4500 

1.0768 

1.0945 

b)  Described  by  Pishchimuka 

106 

- 

- 

1.0944 

(CjHsO),?^^  +  NaOCHjC,H5  — (CjHsO)*?:^ 

^C1  OCHaCjHg  +  NaCl 


and  we  isomerized  the  obtained  thiono  ester  by  Pishchimuka's  method  to  the  thiol  ester  by  heating  with  benzyl 
chloride: 

/  /  CH,C,H5 

(CjKgOljP^^  C  1CH,C,H5^  (CjHsO)jP^ 

cx:h,c,H6  o 

As  we  see  from  Table  2,  the  constants  of  the  product  of  benzylation  of  sodium  diethyl  thiophosphate 
agree  with  the  constants  of  the  thiol  isomer  and  differ  markedly  from  those  of  the  thion  isomer. 

TABLE  2. 


Substance 

Boiling  point 
(pressure  in  mm) 

20 

“D 

c?; 

1)  (C,H50),P0(SCH|C,H5) 
a)  Prepared  by  alkylation 

137.5-138'  (2.5) 

1.5258 

1.1569 

b)  Obtained  by  isomerization  of  the  thiono  isomer 

140-141  (3) 

1.5275 

1.1589 

2)  (CjHsOjjPSfOCHjCjHg) 

Obtained  from  chlorothionophosphate 

122.5-123.5  (2.5) 

1.5152 

1.1301 

Consequently  also  in  this  case  the  alkylation  reaction  takes  place  at  the  sulfur,  i.e.  with  migration  of 
the  reaction  center. 

We  also  found  that  the  isomers  differ  in  their  behavior  toward  an  alcoholic  solution  of  mercuric  chlor¬ 
ide.  Diethylbenzyl  thionophosphate  reacts  with  alcoholic  mercuric  chloride  with  liberation  of  one  equivalent 
of  hydrochloric  acid  which  may  be  quantitatively  determined.  The  reaction  is  evidently  as  follows; 

CiHjO  S  C2H5O  SHgCl 

+  HgClj  +  CjHgOH  - *•  +  HCl  + 

OCHiCjHs  CiHgO/  +  CjHsCHjOCtHg. 

Unlike  diethylbenzyl  thionophosphate,  diethyl-S-benzyl  thiolphosphate  does  not  react  with  alcoholic 
mercuric  chloride. 

Thus  the  action  of  simple  halogen  derivatives  upon  alkali  salts  of  diethyl  thiophosphoric  acid  leads  to 
S -alkylation.  We  considered  it  of  interest  to  clarify  the  mode  of  substitution  in  more  complicated  cases.  For 
this  purpose  we  repeated  the  work  [6]  on  the  synthesis  of  Isosystox  since  the  patent  does  not  mention  any  con¬ 
stants  that  would  permit  an  objective  comparison  of  the  properties  of  the  prepared  isomer  with  those  of  Systox. 
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We  prepared  Isosystox  by  alkylation  of  diethyl  thiophosphate  with  sodium  6 -chlorodiethyl  sulfide: 
S  O 

. 

(CiHgO),,?  +  ClCHjCHzSCjHg  - *•  (CiHgO^jP  +  NaCl . 

ONa  SCHjCHjSQHg 


In  this  way  was  obtained  an  87%  yield  of  a  substance  with  b,p.  127-128“  at  1,5  mm,  n^  1.4982,  dj®  1.1388. 
The  only  data  reported  for  Isosystox  are  b.p.  134“  at  1  mm[13]  and  132-133*  at  1  mm  [6]. 

In  regard  to  Systox,  its  boiling  point  is  close  to  that  of  the  isomer;  but  the  remaining  constants  are 
very  different  [14]:  b.p.  134“  at  2  mm,  n^  1.4875,  dj®  1.1183.  Such  a  difference  in  constants  is  perfectly 
normal;  as  a  rule,  thiol  isomers  boil  higher  and  have  a  higher  refractive  index  and  specific  gravity.  Here 
again,  therefore,  the  alkylation  of  sodium  diethyl  thiophosphate  takes  place  at  the  sulfur,  i.e.  with  migration 
of  the  reaction  center. 

Reactions  other  than  alkylation  of  salts  of  dialkyl  thiophosphoric  acids  also  lead  to  formation  of 
S -isomers.  Foss  [11]  found  that  oxidation  of  salts  of  dialkyl  thiophosphates  with  iodine  in  an  alkaline  medium 
or  electrochemically  led  to  formation  of  the  corresponding  disulfides: 


2 


RO/  ^ONa 


•^ONp/S-S  /OR 


+  2NaI. 


We  found  that  reaction  of  the  sodium  salt  of  diethyl  thiophosphoric  acid  with  alkylsulfenechlorides 
results  in  formation  of  disulfides  for  which  only  one  structure  (V)  is  possible: 

QHgO'^  CjHgO^  /O-S-R 

CjHgCK'‘^^S-SR  CiHgO^^'^^S 

(V)  (VI) 

Formation  in  this  reaction  of  mixed  anhydrides  of  sulfoxylic  acids  (VI)  is  altogether  improbable. 

EXPERIMENTAL 

Preparation  of  potassium  diethyl  thiophosphate.  Preparation  was  effected:  1)  according  to  [4],  yield 
54%,  after  recrystallization  from  dry  methanol  37%,  m.p.  197“;  2)  by  Pishchimuka's  method  [3],  yield  55%, 
after  recrystallization  32%,  m.p,  196—197“;  and  3)  by  the  method  of  Arbuzov  [10]  and  Foss  [11],  yield  68%. 
Mixed  samples  melted  at  196—197“. 

Sodium  diethyl  thiophosphate.  Prepared  by  the  method  of  Foss  [11].  Yield  95%,  and  after  recrystal¬ 
lization  from  chloroform  and  ether  60%,  m.p.  198“. 

Alkylation  of  potassium  diethyl  thiophosphate  with  ethyl  bromide.  To  a  solution  of  10.3  g  potassium 
diethyl  thiophosphate  in  40  ml  dry  alcohol  was  added  16,3  g  ethyl  bromide.  The  addition  resulted  in  a  slight 
turbidity,  and  the  precipitate  of  potassium  bromide  only  started  to  come  down  on  heating.  The  reaction  mix¬ 
ture  was  heated  on  a  water  bath  at  70—80“  for  4  hours.  After  cooling,  the  precipitate  of  potassium  bromide  was 
filtered  off;  it  weighed  5.57  g  (the  theoretical  amount  is  5,95  g).  The  filtrate  was  fractionated  in  vacuum.  Two 
distillations  gave  7.9  g  (80%)  of  triethyl  thiophosphate  (Table  1,  substance  la). 

Found%:  P  15.69,  15.44.  MR^  48.85.  CgHigOjPS.  Calc.  %:  P  15.66.  MRq  49.11. 

Preparation  of  triethyl  thionophosphate.  Triethyl  thionophosphate  was  prepared  by  Pishchimuka’s 
method  [3]  (Table  1,  substance  2a). 

Found  %:  C  35.94,  36.25;  H  7.25,  7,24.  MRp  49.42.  CgHKOjPS.  Calc,  %:  C  36,36;  H  7.58.  MRp 

49,40. 

Isomerization  of  triethyl  thionophosphate  to  triethyl  thiolphosphate.  9,8  g  triethyl  thionophosphate 
was  heated  in  a  sealed  tube  with  16.5  g  ethyl  bromide  at  160—170“  for  3  hours.  The  liquid  remained  nearly 
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colorless.  No  pressure  was  apparent  when  the  tube  was  opened.  The  contents  of  the  tube  were  twice  fraction¬ 
ated  in  vacuum.  Yield  6.1  g  (Gl'lJ'o)  triethyl  thiolphosphate  (Table  1,  substance  lb). 

Found  <7o:  P  15.53,  15.67.  MRp 84.  CjI^uOsPS.  Calc, P  15,66.  MRp  49.11. 

Alkylation  of  sodium  diethyl  thiophosphate  with  benzyl  chloride.  To  a  solution  of  9.6  g  sodium 
diethyl  thiophosphate  in  40  ml  dry  alcohol  was  added  18.97  g  benzyl  chloride.  The  reaction  mixture  was 
heated  on  a  water  bath  at  70-80*  for  4  hours.  On  cooling,  the  precipitate  of  sodium  chloride  was  filtered 
off;  it  weighed  2.7  g  (theoretical  2.9  g).  The  filtrate  was  dried  over  calcined  sodium  sulfate  and  twice  frac¬ 
tionated  in  vacuum  to  give  7.2  g  (55*7^)  of  diethyl- S-benzyl  thiolphosphate  (Table  2,  substance  la). 

Found  C  50.55,  50.49;  H  6.62,  6.76;  P  11.91,  12.12.  MRp  69.06.  CnHjAPS.  Calc,  ojo:  C  50.75; 

H  6.58;  P  11.91.  MRp  68.74. 

Action  of  alcoholic  mercuric  chloride  upon  diethyl-S -benzyl  thiolphosphate.  To  a  weighed  amount 
of  the  compound  was  added  10  ml  20%  solution  of  mercuric  chloride  in  anhydrous  alcohol.  Only  slight  turbid¬ 
ity  appeared  on  standing.  After  30  minutes  methyl  orange  was  added,  and  the  evolved  minute  amount  of  hy¬ 
drochloric  acid  was  titrated  with  0.1  N  sodium  hydroxide  solution.  Equivalents  of  HCl  found:  0.08,  0.08. 

Preparation  of  diethylbenzyl  thionophosphate.  To  sodium  benzylate,  prepared  from  5.4  g  benzyl 
alcohol  and  1.15  g  metallic  sodium,  in  50  ml  xylene  was  added  9.43  g  diethyl  chlorothiophosphate  dropwise 
with  stirring.  Slight  heat  was  developed.  The  reaction  mixture  was  heated  on  a  water  bath  at  60®  for  an  hour. 
The  precipitate  of  sodium  chloride  was  then  filtered  off,  and  the  filtrate  was  dried  over  calcined  sodium  sulfate 
and  fractionated  in  vacuum.  Yield  8.3  g  (63%)  diethylbenzyl  thionophosphate  (Table  2,  substance  2). 

Found  %:  C  50.48,  50.43;  H  6.50,  6.73,  MRp  69.48.  CuHjtOjPS.  Calc.  %:  C  50.75;  H  6.58.  MRp 
69.03. 

Action  of  alcoholic  mercuric  chloride  upon  diethylbenzyl  thionophosphate.  To  a  weighed  amount  of 
the  substance  was  added  10  ml  20%  solution  of  mercuric  chloride  in  anhydrous  alcohol.  A  precipitate  at  once 
began  to  come  down.  After  20  minutes  the  hydrochloric  acid  liberated  during  the  reaction  was  titrated  with 
sodium  hydroxide  in  presence  of  methyl  orange.  Equivalents  of  HCl  found:  1.02,  1.02. 

Isomerization  of  diethylbenzyl  thionophosphate  to  diethyl  S-benzylthiolphosphate.  6.5  g  diethyl¬ 
benzyl  thiolphosphate  was  heated  in  a  sealed  tube  with  12.65  g  benzyl  chloride  at  140-145*  for  2^ hours.  No 
pressure  was  found  when  the  tube  was  opened.  The  contents  of  the  tube  had  darkened.  On  the  walls  was  a 
white  amorphous  precipitate.  Two  fractionations  in  vacuum  gave  1.3  g  (20%)  diethyl- S-benzyl  thiolphosphate 
(Table  2,  substance  lb). 

Found  %:  P  12.16,  12.08.  MR^  69.11.  ChHiAPS.  Calc.  %:  P  11.91.  MRj^  68.74. 

Action  of  alcoholic  mercuric  chloride  upon  diethyl-S-benzyl  thiolphosphate.  To  a  weighed  amount 
of  the  substance  was  added  10  ml  20%  solution  of  mercuric  chloride  in  anhydrous  alcohol.  Only  a  faint  turbid¬ 
ity  appeared  on  standing.  After  30  minutes,  methyl  orange  was  added  and  the  minute  amount  of  liberated  hy¬ 
drochloric  acid  was  titrated  with  0.1  N  sodium  hydroxide  solution.  Equivalents  of  HQ.  found:  0.07,  0.06. 

Alkylation  of  sodium  diethyl  thiophosphate  with  6- chloro diethyl  sulfide.  To  38.4  g  sodium  diethyl 
thiophosphate  and  50  ml  dry  alcohol  was  added  24.4  g  6 -chloro diethyl  sulfide.  The  mixture  was  heated  on  a 
water  bath  at  65-75*.  A  precipitate  started  to  come  down  in  20  minutes  from  the  start  of  heating  and  quickly 
settled  to  the  bottom.  Heating  at  80-85®  was  continued  for  another  3  hours.  The  precipitate  of  sodium  chloride 
was  then  filtered;  weighed  11.5  g  (theoretical  11.7  g).  The  filtrate  was  dried  over  calcined  sodium  sulfate  and 
fractionated  in  vacuum  to  give  45,0  g  (87‘^>)  diethyl-S-(  6 -ethylmercaptoethyl)-thiolphosphate  (Isosystox,  con¬ 
stants  as  above). 

Found%:  C  37.24,  37.31;  H  7.G1,  7.53.  MRp  66,52.  CgHijOjPS,.  Calc.  %:  C  37.19;  H  7.41.  MRp 

66.34, 
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Preparation  of  dicthyl-S-(butylthio)-thiolphosphate.  To  10.3  jj  sodium  diethyl  thiophosphate  and 
10  ml  carbon  tetrachloride  was  added  in  small  portions  and  with  stirring  6.5  g  butylsulfene  chloride  in  7  ml 
carbon  tetrachloride,  The  reaction  started  immediately,  the  sulfene  chloride  quickly  decolorized,  and  the 
reaction  mixture  heated  up  slightly.  For  completion  of  the  reaction  the  flask  contents  were  heated  on  a  water 
bath  at  40*  for  3  hours;  the  precipitate  of  sodium  chloride  was  then  filtered;  weighed  3.5  g  (theoretical  2.9  g). 
The  filtrate  was  dried  over  calcined  sodium  sulfate  and  fractionated  in  vacuum  to  give  6.8  g  (52%)  diethyl-S- 
-(butylthio)- thiol  phosphate  with  b.p.  132-134*  at  4  mm,  np  1.4885,  dj®  1.1248. 

Found  %:  P  11.64,  11.76.  CjHigOsPSj.  Calc.  %:  P  12.01. 

Preparation  of  diethyl-S-(ethylthio)-thiolphosphate.  Prepared  as  above,  from  13.44  g  sodium  diethyl 
thiophosphate  and  9.0  g  ethylsulfene  chloride.  Yield  1.4  g  (9%).  B.p.  82-85*  at  3.5  mm,  np  1.4721,  d*®  1.1224. 

Found  %:  P  13.69,  13.39.  CjHjgOsPSj.  Calc.  %:  P  13.49. 

SUMMARY 

1.  A  study  was  made  of  the  alkylation  of  alkali  salts  of  diethyl  thiophosphoric  acid  with  various  alkyl 
halides:  ethyl  bromide,  benzyl  chloride  and  6-chlorodiethyl  sulfide. 

2.  It  was  shown  that  in  all  cases  the  alkylation  takes  place  at  the  sulfur  with  formation  of  the  corres¬ 
ponding  diethyl-S-alkyl  thiolphosphates. 
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THE  POLYMERIZATION  OF  ALLYL  ESTERS  OF  ALKYLARYL  PHOSPHONIC  ACIDS 


Gilm  Kamai  and  V.  A,  Kukhtin 


In  the  preceding  communications  [1,2]  we  described  experiments  on  the  polymerization  of  various 
unsaturated  esters  of  phosphonocarboxylic  and  a  -ketophosphonic  acids. 

In  a  recently  published  paper  by  Toy  and  Cooper  [3]  the  polymer' zation  of  a  large  group  of  new 
allyl  esters  of  phosphonic  acids  was  described.  In  reporting  the  preparation  of  diallyl  phosphite,  the  authors 
of  this  paper  do  not  mention  that  this  compound  had  already  been  synthesized  and  studied  by  one  of  us  in 
collaboration  with  E.  I.  Shugurova  in  1949  [4].  We  had  prepared  and  studied  in  1952  [1]  another  compound 
described  by  them  -  the  allyl  ester  of  benzyl  phosphonic  acid.  Toy  and  Cooper  were  clearly  unacquainted 
with  our  researches. 

In  the  present  communication  we  describe  the  syntheses  of  some  new  allyl  esters  of  phosphonic  acids 
and  the  results  of  a  study  of  their  susceptibility  to  polymerization.  The  starting  allyl  esters  of  aryl  phosphinous 
acids,  obtained  by  the  action  of  allyl  alcohol  upon  the  corresponding  dichloroaryl  phosphines  in  presence  of 
pyridine,  partly  isomerized  during  fractional  distillation  and  formed  esters  of  allylaryl  phosphonic  acids  in  a 
similar  manner  to  the  methyl  ester  of  phenyl  phospohinous  acid  [5]. 

A  series  of  allyl  esters  of  alkylaryl  phosphonic  acids  was  synthesized  by  the  action  of  various  alkyl 
halides  on  the  allyl  esters  of  phenyl  phosphinous  and  p-chlorophenyl  phosphinous  acids.  Their  constants  are 
given  in  the  table. 

A  study  of  the  polymerization  tendency  of  the  aryl  phosphinous  acids  showed  that  they  had  no  ten¬ 
dency  at  all  to  polymerize.  Probably  the  unsaturated  character  of  the  trivalent  phosphorus  in  these  compounds 
hinders  their  polymerization.  On  prolonged  heating  with  benzoyl  peroxide  they  only  undergo  an  insignificant 
change  of  color.  Of  the  esters  of  alkylaryl  phosphonic  acids  that  we  prepared,  only  the  allyl  esters  of  allyl - 
phenyl  phosphonic  and  allyl-p-chlorophenyl  phosphonic  acids  form  low-molecular  polymers.  Heating  with 
benzoyl  peroxide  gives  transparent,  colorless,  sticky  resins  with  a  degree  of  polymerization  of  n  =  2—3.  The 
polymers  are  readily  soluble  in  many  organic  solvents  (benzene,  acetone,  dichloroethane). 

EXPERIMENTAL 

Preparation  of  the  allyl  ester  of  phenyl  phosphinous  acid 

In  a  three- necked  flask,  fitted  with  stirrer,  dropping  funnel  and  reflux  condenser,  were  placed  40  g 
allyl  alcohol,  54  g  pyridine  and  300  ml  anhydrous  ether.  60  g  phosphenyl  chloride  was  added  through  the 
dropping  funnel  with  intensive  stirring  and  cooling  of  the  reaction  mass.  At  the  end  of  the  reaction,  the  pyr¬ 
idine  hydrochloride  was  separated  on  a  vacuum  filter  and  the  solvent  was  distilled  off;  the  reaction  products 
were  then  fractionated  in  vacuum.  Two  products  were  isolated. 

1st  fraction.  B.p.  116- 117“  (3  ram).  Yield  32  g  (42.6*70).  The  substance  reacts  with  cuprous  chloride 
with  considerable  heat  development;  it  is  therefore  a  derivative  of  trivalent  phosphorus. 

dj  1.0620,  4®  1.0443,  ng  1.5240,  MRj)  65.06.  CjaHigOgP.  Calc.  64.50. 

Found  C  64.48;  H  6.99.  CuHisOgP.  Calc.  *7o:  C  64.82;  H  6.79. 

2nd  fraction.  B.p.  131—132“  (2  mm).  Yield  10  g  (13.3<7o).  It  does  not  react  with  cuprous  chloride 
and  is  consequently  a  derivative  of  pentavalent  phosphorus. 

dj}  1.0971,  ng  1.5280. 

Found  *70:  C  64.37;  H  7.03.  CiaHjgOsP,  Calc.  *70:  C  64.82;  H  6.79. 
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Action  of  allyl  bromide  on  the  allyl  ester  of  phenyl  phosphinous  acid.  29  g  allyl  ester  of  phenyl 
phosphinous  acid  and  10  g  allyl  bromide  were  refluxed  in  a  small  flask  on  a  glycerol  bath.  At  a  bath  tem¬ 
perature  of  80°  the  temperature  in  the  flask  rose  to  95  —  100°  and  remained  at  this  level  after  removal  of  the 
bath  for  20  minutes.  For  completion  of  the  reaction  the  flask  was  heated  another  2  hours  at  100—110°.  The 
allyl  bromide  was  then  distilled  off  and  the  residue  vacuum  fractionated  to  give  20  g  allyl  ester  of  allylphenyl 
phosphonic  acid. 

B.p.  131-  132'  (2  mm  i,  1.0980,  1.5280. 

The  allyl  esters  of  methylphenyl  phosphonic  and  ethylphenyl  phosphonic  acids  were  prepared  in  like 

fashion. 

Preparation  of  allyl  ester  o  f  p-chlorophenyl  phosph  ui  o  h_s_a^i_d 

In  a  three-necked  flask  fitted  with  dropping  funnel,  stirrer  and  reflux  condenser,  were  placed  19  g 
allyl  alcohol,  26  g  pyridine  and  200  ml  anhydrous  ether  as  solvent.  Addition  of  35  g  p-chlorophenyl  dichloto- 
phosphine  was  effected  through  the  dropping  funnel  with  snow  cooling  and  intensive  stirring.  Vacuum  frac¬ 
tionation  was  carried  out  after  separation  of  the  pyridine  hydrochloride  and  distillation  of  the  solvent.  Two 
fractions  were  collected. 

1st  fraction.  B.p.  126-127“  (2  mm).  Yield  24  g  (56.5%);  reacts  with  cuprous  chloride  to  form  a 
crystalline  compound. 

dj  1.1685,  4“  1-1490,  nf^  1.5376,  MRp  69.79.  CaHjPsPCl.  Calc.  69.37. 

Found  %:  C  55.86;  H  5.32.  CuH,40jPCl .  Calc.  %:  C  56.16;  H  5.49. 

2nd  fraction.  B.p.  148°  (2  mm).  Yield  6  g.  Does  not  react  with  cuprous  chloride. 

dj  1.2060,  4®  1.1203,  ng  1.5338,  MRjj  66.99.  CuHuGiPCl.  Calc.  67.17. 

Found  %:  C  55.78;  H  5.89.  CaH:40jPCl.  Calc.  %:  C  56.16;  H  5.49. 

TABLE 


Prepara- 

Boiling  point 

d*o 

Content  (in  %) 

tiori  No. 

Form  111  a 

(pressure  in  mm) 

Found 

Calculated 

1 

CeHgPfOCsHg)* 

116-  lir  (3) 

1.5240 

1.0443  f 

C  64.48 

C  64.82 

1 

H  6.99 

H  6.79 

1.0971  f 

2 

^  POC3H5 

131-132  (2) 

1.5280 

r  64.37 

C  64.82 

CjHj  0 

1 

K  7.03 

H  6.79 

C4H5 

3 

ch/6' 

112-113  (1) 

1.5208 

1.1110  1 

P  15  70 

P  15.79 

4 

t 

/  POCjFts 

C.H,  H 

124-125  (3) 

1.5155 

1.0854  1 

C  62.67 

H  7.21 

S  W 

5 

ClC,H4P(OCsHg, 

126-127  (3) 

1.5376 

1.1490  f 

C  56.86 

C  66.16 

1 

H  5.32 

H  5.49 

C1C*H4\ 

6 

148-149  (2) 

1.5338 

1.1203  1 

C  56.82 

C  56.16 

! 

H  5.76 

H  6.49 

7 

C1C,H,~^ 

j.OC.H, 

CH,  H, 

129- 130  (2) 

1.5308 

1.1960  1 

C  51.84 

C  52.08 

1 

H  5.31 

H  5.25 
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Rearrangement  of  the  p-chlorophenyl  phosphinous  ester  with  allyl  bromide  and  methyl  iodide  was  per 
formed  in  the  same  way  as  the  above -described  rearrangement  of  the  phenyl  phosphinous  ester. 

The  constants  of  the  synthesized  compounds  are  given  in  the  table. 

Polymerization 

The  polymerization  technique  was  the  same  as  in  [2];  Allyl  esters  of  alkylaryl  phosphonic  acids 
were  polymerized  at  70’  with  addition  of  1%  benzoyl  peroxide.  Under  these  conditions  the  ester  of  phenyl- 
allyl  phosphonic  acid  polymerizes  in  60  hours,  the  p-chlorophenylallyl  phosphonic  ester  after  100  hours.  On 
further  heating  the  degree  of  polymerization  does  not  change.  The  remaining  esters  did  not  polymerize  even 
after  200  hours  heating. 


SUMMARY 

Allyl  esters  of  the  following  acids  were  synthesized:  phenyl  phosphinous,  p-chlorophenyl  phosphin¬ 
ous,  phenylmethyl  phosphonic,  phenylethyl  phosphonic,  phenylallyl  phosphonic,  p-chlorophenylallyl  phosphon¬ 
ic,  p-chlorophenylm ethyl  phosphonic.  The  susceptibility  to  polymerization  of  the  esters  was  studied. 
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SYNTHETIC  ANESTHETICS 
II.  ESTERS  OF  l-ALKYL-l-PHENYL-3-(N-PIPERIDYL)-PROPAN-l-CLS 

I.  N.  Nazarov  and  E.  M.  Cherkasova 


The  subject  of  our  systematic  investigations  comprises  esters  of  diverse  alkyl-aromatic  aminoalco- 
hols  with  the  objective  of  finding  new  highly  active  anesthetic  substances.  In  the  preceding  communication 
[1]  we  described  the  synthesis  of  a  series  of  esters  of  1-alkyl- l-phenyl-3-dialkylaminopropan-l-ols  contain¬ 
ing  dimethylamino  and  diethylamino  groups  as  the  amino  residue.  Some  members  of  this  series  were  found 
to  be  strong  anesthetics  approximating  in  activity  to  pontocaine*  but  4-5  times  less  toxic  (phenoxyacetate 
of  l-ethyl-l-phenyl-3-dimethylaminoptopan-l-ol).  It  appeared  of  interest  to  synthesize  the  structural  analogs 
of  these  compounds  containing  the  piperidine  group  as  the  nitrogen  residue. 

The  literature  contains  many  examples  illustrating  the  high  anesthetic  and  spasmolytic  activity  of 
various  compounds  containing  a  piperidine  ring  in  the  B  -position  and  belonging  to  the  classes  of  amides  [2], 
aminoketones  [3],  aminoalcohols  [4],  etc.  However,  esters  of  alkyl-aromatic  aminoalcohols  containing  a 
piperidine  residue  have  scarcely  been  investigated,  and  descriptions  have  appeared  of  only  a  few  members 
possessing  a  fortuitous  character. 

The  starting  substance  for  synthesis  of  the  compounds  in  question  was  the  readily  available  aceto  - 
phenone  which  was  transformed  by  the  Mannich  reaction  into  6 -N-piperidylpropiophenone  (I);  the  latter  was 
converted  into  various  aminoalcohols  by  the  Grignard  reaction: 


C,Hs-C 


o 


NH • HCl 


CH, 


CH2O 


\ 

CH* 


RMgX 


I 

N-HCl 


CjHg  OH 

\  / 


A 


/ 


CH* 

CH, 


(III)R  =  CHs;  (I-V)R  =  C2H5; 

(V)  R  =  n-CsHTi  (VI)  R  =  n-C4H9: 
(VII)  R  =  iso-CgHii. 


Some  of  these  aminoalcohols  were  recently  obtained  in  15-13%  yield  by  the  action  of  Grignard  re¬ 
agents  upon  aminoketones  [4a].  In  the  Grignard  reactions  we  used  not  the  free  aminoketones  but  their  hydro¬ 
chlorides  and  secured  78-96%  yields  of  the  aminoalcohols.  A  comparison  of  the  yields  of  tertiary  amino¬ 
alcohols  by  the  action  of  Grignard  reagents  upon  aminoketones  and  their  hydrochlorides  is  given  in  the  table. 

In  addition  the  secondary  aminoalcohol  (II)  has  been  obtained  in  83%  yield  by  the  catalytic  reduc¬ 
tion  of  6 -piperidylpropiophenone  over  palladium  catalyst  [5]. 

The  aminoalcohols  were  subsequently  transformed  into  various  esters  (acetates,  propionates,  butyrates, 
benzoates,  cinnamates  and  hydrocinnamates)  by  the  action  of  the  chlorides  or  anhydrides  of  the  acids. 


•  Translator's  note:  =  2-dimethylaminoethyl  p-butylaminobenzoate  hydrochloride. 
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TABLE 


Amino¬ 

alcohols 

Yields  (in  "Jo) 

from  amino- 
ketones  [4a] 

from  hydro¬ 
chlorides 

(III) 

14.6 

78 

(IV) 

22.8 

96 

(V) 

35.6 

87 

(VI) 

25.9 

88 

(VII) 

34,7 

80 

f 

CjHg-CH-CHi-CHiN 


(11) 


CjHj  OCOR* 


(VIII)  R  =  H.  R’  =  CHjOCjHg:  (IX)  R  =  GHj, 

R’  =  C^;  (X)  R  =  CHs,  R*  =  CH  =  CHCjHg; 

(XI)  R  =  CHj,  R’  =  CHjOC^;  (XII)  R  =  CtHg, 

R*  =  CH,;  (XIII)  R  =  R'  =  CjHg;  (XIV)  R  =  CjHg. 

R*  =  CjHj;  (XV)  R  =  C,Hg;  R'=  C^; 

(XVI)  R  =  CjHg,  R’  =  CHiOCjHj;  (XVII)  R  = 

=  CjHs,  R*  =  CH=  CHCjHe:  (XVIII)  R  =  n  -CgHy, 
R’  =  CjHg;  (XIX)  R  =  n  -C4H9.  R'  =  CjHp; 

(XX)  R  =  iso-CgHu,  R'  =  C4H5. 


In  this  reaction  we  encountered  a  number  of  difficulties  associated  with  the  dehydration  of  the  amino 
alcohols  and  with  cleavage  of  the  esters  under  the  action  of  acids  or  hydrogen  chloride.  Particulary  prone  to 
dehydration  are  tertiary  alkyl -aromatic  aminoalcohols  uner  the  influence  of  thionyl  chloride: 


OH 

I 

CjHs  -  C- CH,- CH,  -  N 


C1H5 


SOCl, 

--H,o’ 


C,H5-C  =  CH-CH,N 

C1H5 


CsH5-C-CH,-CH,-N 

ch-ch, 


(XXI) 


The  preparation  for  pharmacological  tests  of  the  hydrochlorides  of  the  above  esters  met  with  dif¬ 
ficulty  in  a  number  of  cases  due  to  their  ease  of  cleavage  in  presence  of  hydrogen  chloride: 


OCOR* 

I 

C,H5-^-CH,-CH,-N 

R 


HCl 


OH 

1 

C,H5-C-CH,-CH,-N 
R 


+  R’COCl. 


For  this  reason  we  were  unable  to  prepare  the  hydrochlorides  of  certain  esters  (XVIII,  XIX,  XX),  On 
passing  dry  hydrogen  chloride  into  an  ethereal  or  chloroform  solution  of  these  esters,  only  the  hydrochlorides 
of  the  corresponding  aminoalcohols  were  obtained. 

Some  of  the  compounds  synthesized  were  tested  at  the  S,  Ordzhonikidze  Scientific  Research  Institute 
of  Pharmaceutical  Chemistry  (laboratory  of  Prof.  M.D.  Mashkovsky)  as  anesthetics  and  spasmolytics.  The  most 
active  of  these  compounds  as  anesthetics  were  the  hydrochlorides  of  the  benzoate  of  1-ethyl- l-phenyl-3-(N- 
-piperidyl)-propan-l-ol  (XV)  and  of  the  phenoxyacetate  of  l-methyl-l-phenyl-3-(N-piperidyl)-propan-l-ol 
(XI),  although  both  of  these  preparations  were  inferior  to  pontocaine  in  activity.  All  the  esters  in  question 
possess  elements  of  spasmolytic  acitivity.  It  must  be  admitted  that  in  tests  on  isolated  organs  (ear  and  intestines 
of  the  rabbit)  the  benzoate  of  (XV)  did  not  differ  appreciably  from  pontocaine  and  exhibited  little  activity  in 
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experiments  on  animals. 


EXPERIMENTAL' 

1 -Phenyl-3 -(N-piperidyl)-propan-l-ol  (II).  5  g  6 -N-piperidylptopiophenone  (l)(m.p.  188  —  189*), 
prepared  by  the  Mannich  reaction  [5],  was  hydrogenated  in  presence  of  palladium  on  calcium  carbonate 
(5®fo  Pd)  in  125  ml  distilled  water.  Hydrogenation  was  performed  for  16  hours,  after  which  period  addition  was 
made  in  small  portions  (about  0.1  g)  of  0.75  g  catalyst.  The  hydrogen  absorption  was  455  ml  (440  ml  theo¬ 
retical).  The  catalyst  was  filtered  off,  the  water  was  driven  off  in  vacuum,  and  the  residue  was  treated  with 
ammonia.  The  product  was  extracted  with  ether  (200  ml)  and  dried  with  sodium  sulfate.  Removal  of  the 
ether  left  3.6  g(83.4%)  l-phenyl-3-(N-piperidyl)-propan-l-ol  (II)  with  m.p.  66—67*  [5]. 

1 -Methyl- l-phenyl-3-(N-piperidyl)-propan-l-ol  (III).  Methyl  magnesium  iodide  was  prepared  by 
the  usual  procedure  from  5.27  g  magnesium,  31.2  g  methyl  iodide  and  105  ml  absolute  ether.  To  the  pre  - 
pared  solution,  with  energetic  stirring  and  cooling  to  10-12*,  was  added  15.9  g  0 -N-piperidylpropiophenonc 
hydrochloride  (I)  in  small  portions.  The  reaction  mass  was  stirred  2  hours  at  room  temperature  and  left  over¬ 
night.  The  next  day  the  mixture  was  heated  on  a  water  bath  for  about  2  hours,  and  was  hydrolyzed  with  hy¬ 
drochloric  acid  (1:1)  while  cooling  with  ice.  The  aqueous  layer  was  treated  with  ammonia  until  it  had  an 
alkaline  reaction  to  litmus;  the  separated  base  was  thoroughly  extracted  with  ether,  dried  with  sodium  sulfate 
and  fractionated  in  vacuum  to  give  11.4  g  (78%)  aminoalcohol  (III)  with  b.p.  135-139*  at  2.5  mm  [4]. 

l-Ethyl-l-phenyl-3-(N-piperidyl)-propan-lt-ol  (IV).  To  a  solution  of  methyl  magnesium  bromide, 
prepared  from  5.6  g  magnesium,  25.3  g  ethyl  bromide  and  80  ml  absolute  ether,  was  added  portionwise  18.2  g 
6  -N-piperidylpropiophenone  hydrochloride  (I)  with  stirring  and  cooling  to- 10*.  The  next  day  the  mixture  was 
heated  2  hours  at  35*,  cooled  and  acidified  with  hydrochloric  acid  (1:1)  until  the  precipitate  had  completely 
dissolved.  The  neutral  products  were  twice  extracted  with  ether  and  the  acidic  aqueous  layer  saturated  with 
solid  caustic  alkali.  The  separated  oil  was  extracted  many  times  with  ether.  The  ethereal  extract  was  dried 
with  sodium  sulfate.  Removal  of  the  ether  left  19  g  crystalline  aminoalcohol.  The  product  was  recrystallized 
from  benzene.  Yield  17.1  g  (96%)  aminoalcohol  (IV)  with  m.p.  79-81*.  Other  tertiary  aminoalcohols  were 
prepared  in  similar  fashion. 

l-n-Propyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (V).  From  25.3  g  6  -piperidylpropiophenone  hy¬ 
drochloride  (I)  and  n-propyl  magnesium  bromide  prepared  from  8.4  g  magnesium,  46  g  n-propyl  bromide  in 
150  ml  absolute  ether  was  obtained  by  the  usual  treatment  22.7  g  (87%)  aminoalcohol  (V)  with  m.p.  89-90.5* 
(from  acetone),  m.p.  of  hydrochloride  195-196*. 

l-n-Butyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (VI).  From  25.3  g  aminoketone  hydrochloride  (I) 
and  Grignard  reagent  prepared  from  7.8  g  magnesium,  45  g  n-butyl  bromide  and  150  ml  absolute  ether  was 
obtained  24.4  g  (88%)  aminoalcohol  (VI)  with  m.p.  51-52*. 

l-Isoamyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (VII).  From  25.3  g  aminoketone  hydrochloride  (I) 
and  Grignard  reagent,  prepared  from  7.8  g  magnesium  and  50  g  isoamyl  bromide  in  150  ml  absolute  ether,  was 
obtained  23.2  g  (80%)  aminoalcohol  (VII)  with  m.p.  56-57*. 

Phenoxyacetate  of  l-phenyl-3-(N-piperidyl)-propan-l-ol  (VIII).  To  a  solution  of  3.42  g  aminoalcohol 
(II)  in  4  ml  dry  benzene  was  gradually  added,  withice-coolin2,5.88  g  phenoxyacetyl  chloride.  Heating-up  and 
momentary  crystallization  of  the  entire  mass  were  observed.  The  mixture  was  heated  on  a  boiling  water  bath 
for  3  hours,  and  then  30  ml  water  and  2—3  ml  hydrochloric  acid  (1:1)  were  added.  The  neutral  products  were 
extracted.  The  aqueous  layer  was  treated  with  saturated  sodium  carbonate  solution;  the  product  was  extracted 
with  ether  and  the  ether  solution  dried  with  sodium  sulfate  before  fractionation  in  vacuum.  There  were  obtained 
0.9  g  original  aminoalcohol  (II)  and  3.20  g  (78.9%)  phenoxyacetate  of  l-phenyl-3-(N-piperidyl)-propan-l-ol 
(VIII)  with  b.p.  186.5-188.5*  at  1.5  mm. 

Found  %:  N  4.15,  3.81.  CgjHjiOjN.  Calc.  %:  N  3.96. 

The  hydrochloride  of  the  phenoxyacetate  of  l-phenyl-3-(N-piperidyl)-propan-l-ol  (VIII)  melted  at 


•  Students  I.  Nikolaeva  and  A.  Podorolskaya  participated  in  the  experimental  work. 
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168.5  —  170*  (from  acetone  —  chloroform  mixture). 

Found  <^o-.  C  68.02.  67.46;  H  7.68,  7.22;  N  3.76,  3.59.  C^HmCjNCI.  Calc.  °lo-.  C  67.74;  H  7.18; 

N  3.59. 


Benzoate  of  l-methyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (IX).  To  a  solution  of  2.33  g  amino- 
alcohol  (111)  in  anhydrous  acetone  was  added  1.82  g  benzoyl  chloride  (freshly  distilled)  dropwise  at  0*  with 
stirring.  White  crystals  came  down  after  a  few  minutes.  The  next  day  the  precipitate  was  filtered  and 
thoroughly  washed  with  anhydrous  acetone.  Weight  of  precipitate  2.95  g,  156.5-159*.  Three  recrystallizations 
from  acetone  gave  1.87  g  (50<7o)  hydrochloride  of  l-methyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (IX)  with 
m.p.  180-182*.  (The  author  who  first  prepared  it  reports  m.p.  175-177*  [6]). 

Found  N  3.74,  4.03.  Q*H,,OiNCl.  Ca.\c.  %  N  3.74. 

Cinnamate  of  l-methyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (X).  To  a  solution  of  2.33  g  amino- 
alcohol  (Ill)  in  5  ml  benzene  was  added  0.24  g  fine  magnesium  turnings,  with  cooling  with  ice  water,  a  solu¬ 
tion  of  2  g  cinnamyl  chloride  (m.p.  34-35*)in  5  ml  benzene  was  slowly  run  in.  The  precipitate  was  triturated 
in  absolute  ether  and  then  twice  recrystallized  from  acetone  —  chloroform  —  alcohol  mixture  and  boiled  with 
a  little  acetone.  The  crystals  (1.9  g)  were  dissolved  in  acetone  (with  addition  of  a  few  drops  anhydrous  alco¬ 
hol)  and  boiled  2  hours  with  active  carbon  on  a  water  bath.  The  solution  was  filtered  and  cooled  for  complete 
separation  of  the  crystals.  The  hydrochloride  of  the  cinnamate  of  1-methyl- l-phenyl-3 -(N-piperidyl)-propan- 
-l-ol  (X)  was  obtained  with  m.p.  188- 189.5*.  Weight  1.45  g  (36^o). 

Found  C  71.68,  71.52;  H  7.04,  7.21;  N  3.56,  3.69.  Ci4H,90iNCl.  Calc.  <7o:  C  72.09;  H  7.50,  N  3.50. 

Phenoxyacetate  of  1-methyl- l-phenyl-3-(N-pipetidyl)-ptopan-l-ol  (XI).  To  a  solution  of  1.85  g  amino- 
alcohol  (III)  in  6  ml  absolute  ether  was  slowly  added  a  solution  of  2.04  g  phenoxyacetyl  chloride  in  4  ml  absolute 
ether.  Slight  heat  was  developed  and  the  hydrochloride  was  quickly  precipitated.  After  a  few  days  the  crystalline 
mass  was  filtered,  triturated  in  absolute  ether  and  recrystallized  several  times  from  anhydrous  acetone.  The  poor¬ 
ly  acetone-soluble  hydrochloride  of  the  original  aminoalcohol  (0.4  g)  first  separated;  it  did  not  give  a  depression 
in  admixture  with  an  authentic  specimen.  The  solvent  was  distilled  off  from  the  mother  liquor  and  the  residual 
crystals  thoroughly  triturated  in  absolute  ether  and  then  recrystallized  (2—3  times)  from  acetone. 

1.1  g  of  the  phenoxyacetate  of  1-methyl- l-phenyl-3-(N-piperidyl)-propan-l-ol  hydrochloride  was  ob¬ 
tained  with  m.p.  139.5-141*  (yield  43.8*70). 

Found  <70:  C  68.79,  67.77;  H  7.13,  7.31;  N  3.85,  3.79.  CjgHsoOsNCl.  Calc.  C  68.40;  H  7.43;  N  3.47. 

Acetate  of  1-ethyl- l-phenyl-3-(N-piperidyl)-propan-l-ol  (XII).  A  mixture  of  3  g  aminoalcohol  (IV), 
3.72  g  acetic  anhydride  and  15  ml  pyridine  was  heated  2  hours  at  120*.  The  pyridine  and  excess  of  acetic  anhy¬ 
dride  were  then  distilled  off  in  the  vacuum  of  a  water  jet  pump.  The  residual  viscous  oil  was  dissolved  in  water 

and  acidified  with  2  ml  hydrochloric  acid  (1:1);  the  neutral  products  were  extracted  and  the  acidic  aqueous  layer 
saturated  with  sodium  carbonate.  The  oil  that  separated  was  extracted  several  times  with  ether  (150  ml).  The 
ethereal  extracts  were  dried  with  sodium  sulfate,  the  ether  was  distilled  off,  and  the  residue  distilled  in  vacuum 
to  give  2.87  g  acetate  of  l-ethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XII)  with  b.p.  138.5  —  139.5*  at  1.5  mm; 
it  was  at  once  converted  to  the  hydrochloride  with  m.p.  136-138*  (from  acetone).  Yield  81.6*70. 

Found  *7o:  C  66.00,  66.01;  H  8.14,  8.39;  N  4.25,  4.38.  CijHzgO^NCl.  Calc.  %:  C  66.35;  H  8.61;  N  4.29. 

Propionate  of  l-ethyl-l-phenyl-3-(N-piperidyl)-propan-l  -ol  (XIII).  A  mixture  of  3  g  aminoalcohol 
(IV),  4.75  g  propionic  anhydride  and  15  ml  dry  pyridine  was  heated  2  hours  at  130*.  The  pyridine  and  excess 
propionic  anhydride  were  then  taken  off  in  vacuum.  Further  procedure  was  as  in  the  preceding  experiment. 

Two  distillations  gave  1.42  g  original  alcohol  (IV)  and  1.5  g  of  the  base  of  the  propionate  (XIII)  with  b.p. 

141—142*  at  1  mm.  Yield  approximately  41*70. 

The  base  was  at  once  converted  to  propionate  of  l-phenyl-l-ethyl-3-(N-piperidyl)-propan-l-ol 
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hydrochloride  (XIII),  m.p.  158.5—159"  (from  acetone). 


Found  N  4.07,  4.08.  CisHjoOiNCl.  Calc.  %:  N  4.12. 

Butyrate  of  1-ethyl- l-phenyl-3-(N-piperidyl)-propan-l-ol  (XIV).  To  a  solution  of  5  g  aminoalcohol 
(IV)  in  6  ml  dry  benzene  was  gradually  added  (cooling)  8.74  g  freshly  distilled  butyl  chloride  (b.p.  90-91"). 

Heat  was  developed.  The  mass  solidified  on  standing  and  was  heated  1-f  hours  at  120",  after  which  the  excess 
of  butyryl  chloride  was  distilled  off  in  vacuum.  Further  procedure  was  as  described  above  for  the  preparation 
of  the  acetate  (XII).  Two  distillations  gave  1.36  g  original  aminoalcohol  (IV)  and  1.37  g  butyrate  of  1-ethyl- 
-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XIV)  with  b.p.  156-158"  at  2  mm.  Yield  about  30‘7a. 

Found  %  C  75,36,  75,24;  H  9.78,  9.85.  CjoHsAN.  Calc.  C  75.6:  H  9.78. 

Benzoate  of  l-ethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XV).  To  a  solution  of  5  g  aminoalcohol 
(IV)  in  10  ml  dry  benzene  was  gradually  added  (cooling  with  ice  water)  10.15  g  benzoyl  chloride  in  11  ml  dry 
benzene.  Heat  was  developed  and  crystals  came  down  after  10—15  minutes.  The  mixture  was  then  heated  2 
hours  at  120".  The  benzene  was  driven  off  in  vacuum  and  the  residue  worked  up  as  in  the  case  of  the  acetate 
(XII). 

Distillation  gave  2  g  original  aminoalcohol  (IV)  and  2.6  g  benzoate  of  1-ethyl- l-phenyl-3-(N-piper- 
idyl)-propan-l-ol  (XV)  with  b.p.  186-187"  at  1.5  mm.  Yield  37%. 

Found  %:  C  78.06,  78.53;  H  7.99,  8.21;  N  4.26,  4.35.  C,8H„OiN.  Calc.  %;  C  78.5;  H  8.25;  N  4.01. 

The  hydrochloride  of  the  benzoate  of  l-ethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  melts  at  155.5- 
-157"  (from  acetone). 

Found  %;  N  3.78,  3.89.  CjaHjoOjNCl.  Calc.  %:  N  3.61. 

Phenoxyacetate  of  l-ethyl-l-phenyl-3-(  N-piperidyl)-propan-l-ol  (XVI).  To  a  solution  of  3.24  g 
aminoalcohol  (IV)  in  5  ml  dry  benzene  was  gradually  added  (ice  cooling)  8,95  g  phenoxyacetyl  chloride  in 
4  ml  dry  benzene.  Slight  heat  was  developed.  After  5  hours  heating  at  130-140"  the  entire  mass  crystallized. 
It  was  worked  up  as  in  the  preceding  experiment.  There  was  obtained  1.05  g  phenoxyacetate  of  1-ethyl- 1- 
-phenyl-3-(N-piperidyl)-propan-l-ol  (XVI)  with  b.p.  148-150"  at  0.4  mm. 

Found  %:  N  3.81,  3.37.  C24H31O3N.  Calc.  %:  N  3.67. 

The  hydrochloride  of  the  phenoxyacetate  of  l-ethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XVI) 
melts  at  156-157"  (from  acetone). 

Found  %:  N  3.35,  3.58.  CJ4H38O3NCI.  Calc.  %:  N  3.35. 

Cinnamate  of  1-ethyl- l-phenyl-3-(N-piperidyl)-propan-l-ol  (XVII).  To  a  solution  of  2.47  g  alcohol 
(IV)  in  4  ml  dry  benzene  was  added  0.24  g  magnesium,  and  in  the  cold  a  solution  of  2.5  g  cinnamyl  chloride  in 
3.5  ml  dry  benzene  was  run  in.  A  yellowish  precipitate  gradually  came  down.  The  next  day  the  filtered  preci¬ 
pitate  was  washed  with  absolute  ether  and  recrystallized  from  acetone;  the  crystals  were  dissolved  in  a  mixture 
of  acetone  and  alcohol  and  boiled  with  active  carbon  on  a  water  bath.  A  second  recrystallization  from  acetone 
gave  1.1  g  (26.7%)  of  the  hydrochloride  of  the  cinnamate  of  l-ethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol 
(XVII)  with  m.p.  170-172". 

Found  %:  C  72.20,  72.24;  H  6.96,  7.48;  N  3.48,  3.25.  CggHjaCiNCl.  Calc.  %:  C  72.55;  H  7.73;  N  3.38. 

Benzoate  of  l-n-propyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XVIII).  0.345  g  sodium  was  dispersed 
at  100—110"  in  15  ml  dry  dioxane.  After  cooling,  the  aminoalcohol  (V)  was  added  and  the  reaction  mass  heated 
with  stirring  for  4  hours.  The  unreacted  sodium  was  removed,  the  reaction  mixture  was  cooled  with  ice,  and 
dropwise  addition  was  made  of  2,42  g  freshly  distilled  benzoyl  chloride.  The  mixture  was  heated  2  hours,  and 
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then  50  ml  water  and  2  g  sodium, carbonate  were  added.  The  resultant  oil  was  extracted  with  ether  (250  ml) 
and  dried  with  sodium  sulfate.  Vacuum  distillation  gave  the  base  (XVIII)  in  the  form  of  a  viscous  oil  which 
slowly  crystallized.  M.p.  93.5— 94*.  Weight  3.45  g  (63*70). 

Found  *70:  C  79.14,  79.34;  H  8.74,  8.64;  N  3.88,  3.97.  C^HajO^N.  Calc.  *70:  C  78.90;  H  8.49;  N  3.83. 

0.1  g  base  of  the  benzoate  (XVlIl)  was  dissolved  in  chloroform  and  a  stream  of  hydrogen  chloride  was 
passed  through  the  cooled  solution  until  acid  to  congo.  A  few  drops  of  absolute  ether  were  added.  The  preci¬ 
pitate  was  filtered  and  recrystallized  from  acetone.  The  hydrochloride  of  the  original  aminoalcohol  (V)  was 
obtained;  it  did  not  give  a  depression  with  an  authentic  specimen. 

Found  <7o:  N  4.58,  4.63.  Ci,Hi,ONCl.  Calc.  <7o:  N  4.7. 

Benzoate  of  l-n-butyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XIX).  a)  Preparation  in  pyridine 
medium.  A  reaction  mixture  containing  0.75  g  aminoalcohol  (VI),  0.75  g  benzoic  anhydride  (prepared  from 
benzoic  acid  and  acetic  anhydride  [7])  and  0.75  ml  pyridine  was  heated  5  hours  at  140-155*.  The  mass  ac¬ 
quired  a  dark-brown  color.  After  many  recrystallizations  from  acetone,  0.19  g  (18,4*70)  of  the  benzoate  of 
l-n-butyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XIX)  was  obtained  with  m.p.  109-111*. 

Found  *70:  N  3.71,  3.70.  C^HjaCVN.  Calc.  *7o:  N  3.69. 

b)  Preparation  via  the  sodium  alcoholate.  0.09  g  sodium  was  dispersed  in  5  ml  dry  benzene.  After 
cooling,  1  g  aminoalcohol  (VI)  was  added  and  the  reaction  mixture  beared  4  hours.  The  next  day  the  unreacted 
sodium  was  separated,  0.6  g  benzoyl  chloride  was  added,  and  the  mixture  heated  2^  hours.  After  cooling,  the 
mass  was  decomposed  with  water  (30  ml)  and  saturated  with  sodium  carbonate  solution.  The  separated  oil  was 
extracted  several  times  with  ether  (100  ml)  and  dried  with  sodium  sulfate.  Vacuum  distillation  gave  a  heavy, 
viscous  oil  of  the  benzoate  of  l-n-butyl-l-phenyl-3-(N-pipetidyl)-propan-l-ol  (XIX).  The  oil  gradually 
crystallized  after  washing  with  ether.  M.p.  110-112*.  Weight  0.75  g  (54.7*7<»). 

Found  *7o:  C  78.92,  79.30;  H  8.81,  8.64;  N  3.59,  3.81.  QsHjjOiN.  Calc.  *7o:  C  79.15;  H  S.7;  N  3.69, 

0.15  g  base  of  the  benzoate  (XIX)  was  dissolved  in  absolute  ether  and  a  solution  of  hydrogen  chloride 
in  absolute  ether  was  added.  The  amount  of  hydrogen  chloride  introduced  was  in  slight  excess  over  the  cal¬ 
culated  amount.  The  oil  containing  precipitate  melted  at  168-194*.  Two  recrystallizations  from  acetone 
gave  the  hydrochloride  of  the  original  alcohol  (VI)  which  melted  at  214-216°  and  did  not  give  a  depression 
with  an  authetic  specimen 

Found  *7o:  N  4.26,  4.43.  CigHjjONCl.  Calc.  %  N  4.5. 

Benozate  of  l-isoamyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XX).  0.23  g  sodium  was  dispersed  in 
10  ml  dry  dioxane.  Addition  was  then  made  in  small  portions  of  2.89  g  aminoalcohol  (VII).  The  mass  was 
heated  4  hours.  The  unreacted  sodium  was  removed  and  dropwise  addition  was  made  (cooling)  of  1.54  g  benzoyl 
chloride.  The  reaction  mass  was  heated  another  2-^  hours.  Further  treatment  was  as  in  the  preceding  experiment. 
There  was  obtained  2.22  g  (56.5*7o)  of  the  benzoate  of  l-isoamyl-l-phenyl-3-(N-piperidyl)-propan-l-ol  (XX) 
which  after  washing  with  isooctane  melted  at  85.5-87*. 

Found  *7o:  N  3.18,  3.66.  CggHjeO^N.  Calc.  *7):  N  3.56. 

The  base  (XX)  was  dissolved  in  a  mixture  of  ether  and  chloroform  and  dry  hydrogen  chloride  was 
passed  through  until  acid  to  congo.  A  few  drops  of  absolute  ether  were  added.  The  resultant  precipitate  of 
the  hydrochloride  of  the  original  alcohol  (VII)  melted  before  recrystallization  at  232-234*  and  after  recrystal¬ 
lization  from  acetone  at  238-240*. 

Found  <7o:  N  4.32,  4.38.  CigHjzONCl.  Calc.  *7o:  N  4.3. 

Dehydration  of  l-ethyl-l-phenyl-3-(N-piperidyl)-propan-l-ol.  To  a  solution  of  5  g  alcohol  (IV) 


1884 


in  6  ml  dry  benzene  was  gradually  added  12.1  g  thionyl  chloride.  After  5  hours  boiling  the  thionyl  chloride 
and  benzene  were  distilled  off  from  the  reaction  mass.  The  precipitate  was  dissolved  in  water,  the  neutral 
products  were  extracted  with  ether,  and  the  acidic  layer  saturated  with  sodium  carbonate.  The  oil  was  ex¬ 
tracted  with  ether  (200  ml).  After  drying  over  sodium  sulfate  and  removal  of  the  ether,  the  residue  was  dis¬ 
tilled  to  give  3.35  g  (72.5%)  product  of  dehydration  (XXI)  with  b.p.  117-119*  at  1  mm. 

Found  %:  C  83.47,  83.60;  H  9.89,  9.81;  N  6.22,  6.40.  Calc.%:  C  83.5;  H  10.05;  N  6.11. 

The  hydrochloride  of  the  dehydration  product  (XXI)  melts  at  198-200*  (from  acetone). 

Found  %:  N  5.02,  5.33.  Ci,H,4NCl.  Calc.  %:  N  5.27. 

SUMMARY 

Reaction  with  Grignard  reagents  of  the  hydrochlorides  of  6 -(N-piperidyl)-propiophenones  gave  78—96% 
yields  of  1-alkyl- l-phenyl-3-(N-piperidyl)-propan-l-ols  (lIl-VIl)  which  were  transformed  into  various  esters 
(Vlll-XX)  with  the  objective  of  pharmacological  investigation. 

The  esterification  of  1-alkyl- l-phenyl-3-(N-piperidyl)-propan-l-ols  goes  with  considerably  greater 
difficulty  than  in  the  case  of  their  analogs  containing  a  dimethylamino  residue. 
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THE  SULFONATION  OF  UNSATURATED  COMPOUNDS 


II.  SULFONATION  OF  ACETYLENIC  HYDROCARBONS.  THE  MECHANISM  OF  SULFONATION  WITH 

DIOXANESULFOTRIOXIDE 

A.  V.  Dombrovsky  and  G.  M.  Prilutsky 


One  of  us  [  1]  has  described  the  sulfonation  of  acrolein  and  crotonaldehyde  with  dioxanesulfotrioxide. 

In  the  present  paper  we  report  the  results  of  the  action  of  this  agent  upon  some  hydrocarbons  containing  a  triple 
bond:  acetylene,  1-hexyne  and  phenylacetylene. 

Very  few  instances  are  known  of  the  hydrogen  atoms  at  the  triple  bond  of  acetylenic  hydrocarbons 
and  their  derivatives  being  replaced  by  inorganic  radicals  and  functional  groups.  Thus,  the  direct  nitration 
and  sulfonation  of  hexadecyne-1  with  concentrated  nitric  and  sulfuric  acids  [2]  gave  respectively  C}4l^9C^ 
sC-NOj  and  C14HJJCSC-SO3H.  Treatment  of  phenylacetylene  with  concentrated  sulfuric  acid  caused  car¬ 
bonization  of  the  hydrocarbon  [3].  Rondestvedt  [4]  failed  to  isolate  phenylacetylenesulfonic  acid  in  appre¬ 
ciable  amounts  on  sulfonation  with  dioxanesulfotrioxide  in  the  cold. 

We  carried  out  the  sulfonation  of  acetylene  by  passing  the  gas  into  a  suspension  of  dioxanesulfotrioxide 
in  dichloroethane  at  room  temperature.  The  reaction  gave  two  salts  of  sulfonic  acids,  whose  composition  and 
structure  corresponded  to  the  formulas  CH2(S03H)-CH0  (I)  and  HCHC-SO3H  (II),  in  yields  of  57  and  35*51)  re¬ 
spectively  reckoned  on  the  reacted  acetylene.  Acetaldehydesulfonic  acid  and  its  salts  have  been  described  in 
the  literature  [5],  but  the  barium  salt  of  acetylenemonosulfonic  acid  (II)  is  here  obtained  for  the  first  time.  It 
is  poorly  soluble  in  water  so  that  on  evaporation  of  the  solution  it  is  easily  separated  from  the  barium  salt  of 
acid  (I).  The  potassium  salt  of  acetylenesulfonic  acid  has  good  solubility  in  water;  the  solutions  decolorize 
bromine  water  and  potassium  permanganate  and  the  substance  undergoes  complete  breakdown  with  formation 
of  CO2  and  potassium  sulfate.  Acetylenesulfonic  acid  is  isolated  in  the  free  state  by  the  action  of  dilute  sul¬ 
furic  acid  on  its  barium  salt.  During  concentration  of  the  solution  by  evaporation  on  a  bath  or  in  vacuum,  how¬ 
ever,  the  acid  decomposes  with  formation  of  a  resinous  substance  and  sulfuric  acid. 

Sulfonation  of  hexyne-1  under  similar  conditions  gave  a  barium  salt  corresponding  to  the  monosulfonic 
acid  C4H8— SO3HI  Solutions  of  the  salt  gave  the  usual  reactions  at  the  multiple  bond. 

Phenylacetylene  reacted  with  dioxanesulfotrioxide  at  room  temperature  to  give  a  nearly  quantitative 
yield  of  acetopheneonemonosulfonic  acid;  the  barium  and  potassium  salts  of  the  latter  are  nicely  crystallizing 
substances.  The  structure  of  the  sulfonic  acid  was  proved  by  oxidation  of  a  solution  of  the  potassium  salts  with 
potassium  permanganate  and  by  hydrolysis  in  a  weakly  acidic  medium.  In  the  former  case  benzoic  acid  was 
identified  among  the  reaction  products;  hydrolysis  gave  acetophenone,  identified  as  the  semicarbazone. 

Although  numerous  papers  have  appeared  on  the  utilization  of  dioxanesulfotrioxide,  this  complex  has 
been  inadequately  studied.  We  observed  that  addition  of  the  first  portions  of  dioxane  to  a  solution  of  sulfur 
trioxide  in  dichloroethane  caused  the  appearance  of  white  crystals  which  gradually  went  into  solution  as  more 
dioxane  was  added  in  excess.  We  separated  the  crystals  and  analyzed  them  after  freeing  from  solvent.  Their 
composition  corresponded  to  the  formula  C4H3C1^  •  SjOj,  in  agreement  with  the  data  of  Ya.  F.  Mezhenny  and 
E.  A.  Martynenko  [6];  the  latter  found  by  the  cryoscopic  method  that  sulfur  trioxide  has  a  double  molecular 
weight  in  highly  dilute  solutions  in  dioxane.  The  same  authors  established  that  solutions  of  sulfur  trioxide  in 
dioxane  are  completely  non -conductive.  In  the  absence  of  moisture,  crystalline  dioxanesulfotrioxide  can  be 
stored  for  several  weeks  without  appreciable  decomposition;  it  is  stable  up  to  75°  but  further  rise  of  temperature 
causes  violent  breakdown  with  copious  evolution  of  sulfur  dioxide.  Water  quickly  decomposes  dioxanesulfotriox¬ 
ide  to  dioxane  and  sulfuric  acid.  Crystalline  dioxanesulfortrioxide  reacts  violently  and  with  considerable  heat 
development  with  pyridine  to  form  pyridinesulfotrioxide.  It  does  not  dissolve  in  dichloroethane,  benzene  and 
ligroine,  but  has  good  solubility  in  dioxane. 
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Concerning  the  structure  of  the  complex,  it  can,  in  our  opinion,  be  represented  by  one  of  the  follow¬ 
ing  three  structural  formulas: 

'•5,0, 


o,s*o  O  O.SOj,  O  ^  ^  O  StO,, 

(III)  (IV) 


V' 


(V) 


If  dioxanesulfotrioxide  is  compared  with  complexes  of  dioxane  with  bromine,  iodine,  aluminum  brom¬ 
ide,  etc.  [7-9],  then  the  two  last  formulas  must  be  rejected.  But  if  we  take  account  of  the  small  dipole  mo¬ 
ment  (approximately  0,4  D)  of  dioxane,  the  structure  represented  by  (V)  is  more  probable. 

The  following  reaction  scheme  was  advanced  in  1948  in  a  paper  devoted  to  the  mechanism  of  sul- 
fonation  with  dioxanesulfotrioxide,  using  styrene  as  test  material  [10]: 


C,H5-CH=  CK,  +  O  O  o-sc 


CjHg-CH — CHj-SOj" 

IOj 


SOs  — ^ 

C,H5-CH=  CH-SQsH. 


\  ,/ 


We  regard  the  mechanism  of  sulfonation  of  acetylenic  hydrocarbons  and  the  formation  of  sulfo  com¬ 
pounds  containing  a  carbonyl  group  as  involving  the  addition  of  sulfur  trioxide  at  the  triple  bond  with  formation 
of  a  compound  of  the  type  of  carbyl  sulfate  which  on  subsequent  treatment  undergoes  hydrolysis;  the  barium 
salt  is  later  transformed.  This  mechanism  can  be  represented  thus  in  the  case  of  acetylene: 

CH^>H  -I-  •  StOq 

^  CHsdCH 

— ►  H(>j5-CH=C+f-OS03H  503<^  yOGOs  — ►  BaSQ,.- 

rCH -OH  1 


(A) 


Although  salt  (A)  readily  hydrolyzes,  especially  when  heated,  it  was  nevertheless  possible,  by  careful 
concentration  at  room  temperature  in  vacuum -desiccator,  to  isolate  it  in  the  form  of  crystals.  On  heating 
aqueous  solutions  of  this  salt,  the  medium  becomes  acidic,  barium  sulfate  comes  down,  and  sulfoacetaldehyde 
can  be  detected  in  the  solution  after  neutralization.  In  a  similar  fashion  we  explain  the  formation  of  acetophe 
nonesulfonic  acid  on  sulfonation  of  phenylacetylene. 

Concerning  monoacetylene  sulfonic  acid  (II),  its  formation  in  our  opinion  is  due  to  a  concurrent  re¬ 
action  of  direct  substitution  of  the  extremely  mobile  hydrogen  atom  of  the  acetylene  molecule  as  a  result  of 
nucleophilic  exchange: 

.  S;Pg 

This  mechanism  may  possibly  apply  to  the  sulfonation  with  dioxanesulfotrioxide  in  the  a  -position  of 
saturated  aldehydes,  ketones  and  carboxylic  acids  of  the  aliphatic  series  [5,11]. 

EXPERIMENTAL 

Sulfonation  of 'acetylene.  Dioxanesulfotrioxide  was  prepared  by  the  published  method  [1]  from  40  g 
sulfur  trioxide,  dissolved  in  160  ml  dichloroethane,  and  44  ml  dioxane.  In  a  three-necked  flask  fitted  with 
mechanical  stirrer  and  mercury  seal,  was  placed  a  freshly  prepared  suspension  of  dioxane  sulfotrioxide,  and 


1888 


acetylene  was  passed  into  it  from  a  gasholder  with  continuous  stirring  and  external  heating  to  30-40*.  The 
acetylene  was  purified  with  chromic  acid  mixture  and  2  N  potassium  hydroxide  and  dried  with  calcium  chlor¬ 
ide.  The  speed  of  introduction  was  5-6  bubbles  per  second.  The  unreacted  acetylene  flowed  into  a  second 
gasholder.  The  gasholders  were  periodically  switched  round.  After  absorption  of  5.3  liters  acetylene,  the 
contents  of  the  flask  were  carefully  treated  with  an  aqueous  suspension  of  barium  carbonate  until  the  reaction 
was  neutral,  and  then  filtered.  A  part  of  the  filtrate  was  left  to  evaporate  at  room  temperature  in  a  vacuum - 
desiccator.  The  remaining  (greater)  part  of  the  filtrate  was  evaporated  on  a  water  bath.  When  about  half  of 
the  solvent  had  gone  off,  the  solution  was  again  neutralized  by  addition  of  barium  carbonate  and  filtered;  the 
filtrate  was  again  evaporated.  Crystals  of  salt  (II)  gradually  started  to  come  down.  The  crystals  (14  g)  were 
recrystallized  from  water,  washed  with  ether  and  dried. 

Found  %:  Ba  39.50.  C4HjOjSjBa.  Calc.  °lo'.  Ba  39.52. 

The  potassium  salt,  prepared  from  the  barium  salt  by  double  decomposition  with  potassium  sulfate, 
also  corresponded  to  the  monosulfonic  acid. 

Founder  K  27.28.  QHOjSK.  Calc. ‘/o:  K  27.12. 

Aqueous  solutions  of  acetylenesulfonic  acid  decolorized  bromine  water  and  potassium  permanganate; 
at  the  same  time  SO4"  ions  were  detected  in  the  solution  and  COj  came  off. 

A  fraction  of  barium  salt  of  (I),  isolated  on  evaporation  of  the  mother  liquor  after  separation  of  the 
salt  of  the  monoacetylenesulfonic  acid  (II),  was  recrystallized  from  water  and  dried  in  a  vacuum -desiccator 
over  phosphorus  pentoxide: 

Found  °Jo-.  Ba  36.02.  C4H40gSjBa.  Calc.  ’’Jo:  Ba  35.81. 

Solutions  of  the  salt  did  not  decolorize  potassium  permanganate  and  did  not  react  with  bromine  water 
but  they  gave  a  black  precipitate  with  ammoniacal  solution  of  silver  nitrate  and  reduced  Fehling  solution;  a 
color  was  not  formed,  however,  with  fuchsinesulfurous  acid. 

By  careful  evaporation  at  room  temperature  in  a  vacuum -desiccator,  a  salt  was  obtained  which  was 
separated  from  a  small  amount  of  the  salt  of  the  monoacetylenesulfonic  acid  (II)  which  had  first  come  down; 
after  washing  with  anhydrous  alcohol  and  ether  it  corresponded  to  the  composition  CjHgOTSgBa. 

Found  Ba  41.51.  CjHgOTSjBa.  Calc.  <7o:Ba  40.^6. 

Boiling  of  a  solution  of  the  salt  led  to  precipitation  of  BaS04  and  the  medium  became  acidic.  Neu¬ 
tralization  of  the  filtrate  with  barium  carbonate  resulted  in  separation  of  the  barium  salt  of  sulfoacetaldehyde. 

Sulfonation  of  hexyne-1.  From  3,2  g  hydrocarbon  (b.p.  71-71.5®,  np  1.3968),  sulfonated  with  10  g 
dioxanesulfotrioxide  at  30-40”,  followed  by  the  usual  treatment  with  barium  carbonate  and  water,  was  obtain¬ 
ed  5.3  g  (59%)  barium  salt  corresponding  to  the  monosulfonic  acid. 

Found  %:  Ba  30.06.  CigHjgOgSjBa.  Calc.%:  Ba  30.15. 

Sulfonation  of  phenylacetylene.  6.3  g  phenylacetylene  (b.p.  143—144®,  n^  1.5442)  in  30  ml  dichloro 
ethane  was  sulfonated  at  room  temperature  with  dioxanesulfotrioxide  prepared  from  9  g  sulfur  trioxide  and  10.5 
ml  dioxane.  After  the  mixture  had  been  kept  45  minutes,  it  was  treated  in  the  usual  manner  with  an  aqueous 
suspension  of  barium  carbonate  until  neutral.  The  filtrate  gave  a  conspicuous  reaction  for  the  SO4"  ion . 
Evaporation  gave  16.7  g  light-yellow,  finely  crystalline  barium  salt. 

Found  %:  Ba  25.51.  CigHi40gSjBa.  Calc,  %:  Ba  25.64. 

The  potassium  salt  likewise  corresponded  to  the  monosulfonic  acid  of  acetophenone. 

Found  %:  K  16,96.  C8H/34SK.  Calc.  %:  K  16.41. 
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Oxidation  of  the  Ba  salt  of  acetophenonesulfonic  acid.  To  a  weakly  acid  solution  of  3  g  salt  in  5  ml 
water  was  added  4.7  g  finely  pulverized  KMn04  in  small  portions.  Toward  the  end  the  reaction  mixture  was 
heated  on  a  water  bath  until  decolorized.  Evaporation  and  acidification  of  the  filtrate  led  to  separation  of 
crystals  of  benzoic  acid  (m.p.  121.5”). 

Hydrolysis  of  the  Ba  salt  was  effected  by  heating  2  g  of  the  substance  in  water  faintly  acidified  with 
hydrochloric  acid.  The  acetophenone  was  extracted  with  ether  and  identified  from  the  melting  point  of  its 
semicarbazone  (19T). 

Complex  of  dioxane  with  sulfur  trioxide.  To  a  solution  of  40  g  sulfur  trioxide  in  200  ml  dichloro- 
ethane  was  added  in  small  portions,  with  stirring  and  cooling  (0-3°),  a  solution  of  22  g  anhydrous  dioxane  in 
22  ml  dichloroethane.  The  precipitated  white  crystals  were  collected  on  a  glass  filter  and  freed  from  solvents 
(these  operations  were  conducted  with  exclusions  of  atomspheric  moisture).  The  crystals  had  m.p.  69-70° 
(determined  in  a  Zhukov  apparatus).  Further  rise  of  temperature  resulted  in  decomposition  accompanied  by 
explosion. 

A  weighed  amount  of  the  substance  was  carefully  brought  into  100  ml  water,  and  the  sulfuric  acid 
formed  was  titrated  with  sodium  hydroxide. 

Found  %  SO,  64.31.  C4H,Oi  •  5,0,,  Calc.  %;  SO,  64.50. 

The  composition  of  the  product  does  not  change  when  dissolved  in  dioxane  and  the  solution  is  care¬ 
fully  evaporated. 

To  2.3  g  dioxanesulfotrioxide  (with  good  external  cooling)  was  added  1.5  ml  dry  pyridine.  The  re¬ 
action  mixture  was  washed  several  times  with  iced  water.  The  resultant  crystals  (3  g)  were  dried  between 
sheets  of  filter  paper  (m.p.  175°). 


SUMMARY 

1.  It  was  shown  that  dioxanesulfotrioxide  reacts  with  acetylenic  hydrocarbons;  acetylene  gives  a 
mixture  of  sulfoacetaldehyde  and  monoacetylenesulfonic  acid;  phenylacetylene  is  sulfonated  to  acetophenone- 
sulfonic  acid.  Salts  of  the  sulfonic  acids  were  prepared  and  described. 

2.  Theories  of  the  mechanism  of  sulfonation  of  hydrocarbons  containing  a  triple  bond  are  advanced. 

3.  It  was  established  that  dioxanesulfotrioxide  has  the  composition  C4H,p,  •  SjO,  in  the  solid  state. 
Some  properties  of  crystalline  dioxanesulfotrioxide  were  studied. 
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REDUCTION  WITH  FORMIC  ACID  AND  ITS  DERIVATIVES 
II.  THE  REDUCTION  OF  QUINOLINE 

A.  N.  Kost  and  L.  G.  Yudin 


Lukes  [1]  found  that  pyridine  is  not  reduced  when  heated  with  formic  acid  and  potassium  formate 
whereas  pyridine  metholbromide  gives  N-methylpiperidine  under  these  conditions.  According  to  Mayo  [2], 
under  drastic  conditions  (autoclave,  175—200°)  pyridine  forms  N-methylpiperidine  on  reaction  with  formal¬ 
dehyde  (or  methanol);  in  this  case,  however,  it  is  suggested  that  pyridine  itself  is  not  reduced  but  the  N-methyl- 
pyridinium  ion. 

Our  experiments  have  shown  that  quinoline,  in  contrast  with  pyridine,  is  reduced  by  reaction  with 
formic  acid  (better  in  presence  of  sodium  formate)  to  give  N-formyl-tetrahydroquinoIine  in  yields  of  up  to  85^3 
(see  table). 

The  reaction  of  quinoline  with  85*70  formic  acid  goes  very  sluggishly  on  boiling.  Introduction  of  cata¬ 
lytic  amounts  of  oxalic  and  sulfuric  acids  suppresses  the  reaction,  but  additions  of  iridium,  nickel  or  alumino¬ 
silicate  catalyst  cause  accelerated  decomposition  of  the  formic  acid  although  they  do  not  shorten  the  duration 
of  the  reaction  and  do  not  increase  the  yield.  A  closet  study  of  the  influence  of  nickel  showed  that  it  even 
slightly  lowers  the  yield  of  hydrogenated  product  when  the  reaction  is  conducted  in  presence  of  sodium  formate. 
Introduction  of  sodium  formate  (optimum  5  moles  per  mole  quinoline)  raises  the  boiling  point  of  the  mixture 
and  slightly  alters  the  acidity  of  the  medium  with  the  result  that  already  after  18-20  hours  heating  without 
a  catalyst  good  yields  of  N-formyltetrahydroquinoline  ate  obtained. 

According  to  the  equation 


Imole  quinoline  requires  3  moles  formic  acid,  but  it  was  found  that  5  moles  acid  are  needed  since  decomposi¬ 
tion  of  formic  acid  takes  place  by  a  complex  process:  both  COj  and  CO  are  evolved  in  the  course  of  the  re¬ 
action.  Replacement  of  85*70  formic  acid  by  anhydrous  acid  raises  the  yield  of  N-formyltetrahydraqUinoline 
by  a  few  percent. 

TABLE 


Reduction  of  quinoline  by  formic  acid 


Molar  ratio 

Duration 
(in  hours) 

Temperature 

Catalyst 

Yield  (*70) 

C9H7N 

HCOOH 

HCOONa 

1 

3.7 

70 

120° 

53 

1 

3.7 

- 

12.5 

120 

Houdry 

25 

1 

3.7 

— 

12.5 

120 

Ni 

20 

1 

3.7 

- 

12.5 

120 

Ir 

25 

1 

5 

— 

20 

120 

Ni 

36 

1 

3.7 

1.5 

12.5 

140 

- 

60 

1 

3.1* 

1.5 

12.5 

140 

67 

1 

5 

3.3 

35 

140 

Ni 

70 

1 

5* 

5 

20 

140 

Ni 

71.2 

1 

5 

5 

20 

140 

— 

82.5 

1 

5* 

5 

21 

140 

- 

85.5 

•  Anhydrous  formic  acid 
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Consequently  the  reduction  of  quinoline  by  a  mixture  of  formic  acid  and  sodium  formate  goes  smooth¬ 
ly,  and  substantially  without  secondary  reactions.  The  unreacted  quinoline  is  completely  recovered  from  the 
reaction  mixture  in  all  experiments. 

Reaction  of  quinoline  with  formamide  likewise  gives  N-formyltetrahydroquinoline,  but  in  this  case 
there  is  serious  resinification.  Satisfactory  results  (55*7o  yield)  were  only  secured  by  adding  formic  acid  to  the 
formamide.  It  is  interesting  to  note  that  although  Leuckardt  hydramination  of  ketones  is  accelerated  by  addi¬ 
tion  of  Ni  [3],  in  the  present  case  Ni  evidently  accelerates  not  the  principal  but  the  secondary  reaction,  since 
resinification  is  much  more  serious  in  presence  of  nickel.  N-formyltetrahydroquinoline  could  be  separated 
from  the  reaction  mass  in  overall  yield  of  about  80— SS^oi  In  addition,  resinous  colored  substances  were  ob¬ 
tained  whose  structure  was  not  established. 

Reduction  of  quinoline  evidently  proceeds  through  the  stage  of  formation  of  the  quinolinium  ion, 
while  in  reduction  with  formamide  the  process  is  complicated  by  condensation  at  the  formyl  group  with  split¬ 
ting-off  of  water. 

EXPERIMENTAL 

Reduction  of  quinoline  with  formic  acid  in  presence  of  sodium  formate.  A  mixture  of  12.9  g  (0.1 
mole)  quinoline,  23  g  (0.5  mole)  anhydrous  formic  acid  and  34  g  (0.5  mole)  anhydrous  sodium  formate  was 
refluxed  in  a  flask  for  21  hours  with  periodical  stirring.  The  reaction  mass  was  then  diluted  with  water  and 
a  30<7o  sodium  hydroxide  solution  was  added  until  the  reaction  was  strongly  alkaline.  The  oil  that  separated 
was  extracted  with  ether,  the  ethereal  extract  was  dried  with  sodium  sulfate,  the  ether  was  driven  off  on  a 
water  bath,  and  the  residue  was  distilled  in  vacuum  to  give  2  g  quinoline  with  b.p.  84-90*  (at  4-4.5  mm) 
and  14.3  g  N-formyltetrahydroquinoline  with  b.p.  136—147*  (at  4—4.5  mm). 

Redistillation  of  the  second  fraction  gave  13.6  g  (85%  N-formyltetrahydroquinoline  with  b.p.  145- 
14T  (4  mm).  A  viscous,  syrupy  liquid  crystallizing  on  cooling.  Reas; ly  soluble  incthylalcoliol,  ether,  benzene, ace- 
to.ne,  diqliloroethaiie  and  isopentane,  poorly  soluble  in  dilute  hydrochloric  acid  and  ligronine.  N-formyl- 
tetrahydroquinoline  was  recrystallized  by  dissolution  in  boiling  anhydrous  ether,  cooling  to— 10  to- 15*,  and 
precipitating  with  ligroine.  After  standing  for  48  hours  in  a  vacuum -desiccator,  crystals  with  m.p.  38.5*  were 
obtained. 


Found  C  74.11;  H  6.90.  CuHaON.  Calc.  C  74.50;  H  6.87. 

Hydrolysis  of  N-formyltetrahydroquinoline.  A  mixture  of  12  g  N-formyltetrahydroquinoline  and  50  g 
concentrated  hydrochloric  acid  was  boiled  one  hour,  then  made  alkaline  with  concentrated  sodium  hydroxide 
solution  and  extracted  with  ether;  the  ether  extract  was  dried  with  fused  caustic  alkali,  the  ether  was  driven 
off  on  a  water  bath  and  the  residue  distilled  in  vacuum  to  give  8.6  g  (94.4*70)  1,  2,  3,  4-tetrahydroquinoline. 

B.p.  95-9r  (at  3-4  mm),  ng  1.5951,  dj®  1.0599,  MRd  42.74;  Calc.  42.19.  Hydrochloride,  m.p.  180*; 
N-phenylcarbamide  derivative,  m.p.  98*  (from  ether);  benzoyl  derivative,  m.p.  74*;  picrate,  m.p.  140*. 

A  mixed  melting  test  with  the  picrate  of  tetrahydroquinoline  (m.p.  141-142*),  obtained  by  reduction 
of  quinoline  with  zinc  in  hydrochloric  acid,  did  not  give  a  depression. 

Literature  data:  b.p.  250-251*  [4,6],  n^  1.5958,  dj®  1.0608;  hydrochloride  m.p.  180.6-181.4*;  picrate, 
m.p.  140.5-141.5*  [4];  benzoyl  derivative,  m.p.  75*  [5]. 

Reduction  of  quinoline  with  formamide.  A  mixture  of  12.9  g  (0.1  mole)  quinoline,  26  g  (0.55  mole) 
formamide  and  2.3  g  anhydrous  formic  acid  was  refluxed  in  a  flask  for  6  hours.  The  formamide  mixed  with 
formic  acid  was  introduced  in  lots  of  7.1  g  every  1-^  hours.  The  mixture  was  heated  another  2j  hours  (temper¬ 
ature  of  mixture  185-190*),  250  ml  water  and  concentrated  sodium  hydroxide  solution  were  added  until  strong¬ 
ly  alkaline,  and  the  mass  left  for  3  hours  with  shaking  (for  complete  decomposition  of  the  formamide).  It  was 
then  extracted  with  ether  and  the  ether  removed  on  a  water  bath.  To  the  viscous,  dark  residue  was  added  10  g 
anhydrous  formic  acid;  it  was  then  refluxed  in  a  flask  for  20  minutes  (for  complete  formylation  of  the  free 
tetrahydroquinoline).  After  making  alkaline,  ether  extraction  and  distillation,  there  were  obtained  3  g  quinoline 
with  b.p.  86-93*  (at  6  mm)  and  0.7  g  N-formyltetrahydroquinoline  with  b.p.  138-149*  (at  6  mm).  Redistilla¬ 
tion  gave  8.9g  (55*70)  N-formyltetrahydroquinoline  with  b.p.  143-145*  (at  3  mm),  crystallizing  on  cooling. 
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After  purification  as  described  above,  the  m.p.  was  37-38°.  A  mixed  melting  test  with  the  substance  got  by 
reduction  of  quinoline  with  formic  acid  did  not  give  a  depression. 

On  conducting  the  reduction  in  the  absence  of  formic  acid  (6  hours,  190*),  the  yield  is  only  Zl°lo. 
Prolongation  of  the  heating  period  to  12  hours  does  not  increase  the  yield.  With  addition  of  skeletal  nickel 
the  yield  is  45  -  50^79.  Replacement  of  formic  acid  by  sodium  formate  leads  to  serious  resinification  (yield 
30<7o). 

SUMMARY 

1.  It  is  shown  that  heating  of  quinoline  with  formamide  or  formic  acid  (preferably  in  presence  of 
sodium  formate)  leads  to  reduction  of  the  pyridine  ring  and  simultaneous  formylation. 

2.  A  method  is  developed  for  synthesis  of  N-formyl-l,2,3,4-tetrahydroquinoline  in  yield;  it 
readily  hydrolyzes  to  1,  2,  3,  4-tetrahydroquinoline. 
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SOME  PROPERTIES  OF  ESTERS  OF  p -  TOLUENES ULFONIC  ACID  AND 

176 -HYDROX  YSTEROIDS 

IV.  QUATERNARY  PYRIDINIUM  SALTS  OF  A®-ANDROSTENE-3(6),  17(8)-DIOL  DITOSYLATE 


O.  S.  Madaeva  and  N.  P.  Babanova 


In  the  course  of  study  of  the  so-called  reuo  compounds,  we  developed  a  synthesis  of  the  17-tosyIate 
of  A®-androstene-3(6),  17(6)-diol  17-tosyIate  (III). 
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Preparation  of  (III)  is  based  on  the  differing  susceptibilities  of  the  tosyloxy  groups  of  A®-androstene- 
-3(6),  17(6)-dioI  ditosylate  (II)  to  saponification  when  heated  in  aqueous  acetone;  under  these  conditions  the 
3(6)-iosyI  ester  is  saponified  completely  while  the  17(6)-tosyI  ester  remains  unchanged. 

I  It  was  observed  that  formation  of  (II)  necessitates  the  carrying  out  of  the  reaction  of  (I)  with  p-toluene- 

sulfochloride  in  pyridine  solution  at  room  temperature;  quaternary  pyridinium  salts  are  formed  at  higher  tem¬ 
peratures;  at  70—75°,  even  for  30  minutes,  a  white,  benzene-isoluble  crystalline  precipitate  is  formed  which 
corresponds  in  composition  to  the  quaternary  mono  pyridinium  salt  of  A®-androstene-3(6),  17(6)-dioI  ditosylate 
(IV).  From  it  was  got  the  quaternary  pyridinium  iodide  (V)  by  reaction  with  sodium  iodide  in  acetone  solution 
at  room  temperature  [1]. 

I  We  showed  previously  [2]  that  the  transformation  of  the  17-tosyI  ester  into  the  quaternary  pyridinium 

'  salt  requires  very  drastic  conditions  (heating  in  pyridine  at  about  200“  for  upward  of  20  hours).  Consequently, 

under  the  conditions  of  formation  of  the  ditosylate  the  formation  of  the  Ci7-quaternaty  pyridinium 
salt  is  excluded;  it  can  only  be  formed  at  Cs.  However,  heating  under  such  conditions  of  cholesterol  (VI)  in 
pyridine  solution  with  p-toluenesulfochloride  leads  only  to  the  tosylate  of  cholesterol  (VIII)  which  remains  un- 
^  changed  on  further  heating  in  pyridine  at  75°  for  30  minutes.  According  to  the  literature  the  quaternary  pyri- 

[  dinium  salt  of  cholesteryl  tosylate  (VII)  is  obtained  by  heating  on  a  steam  bath  for  5^  hours  [3], 

I 

I  Apparently  the  superior  mobility  of  the  tosyloxy  group  at  C3  in  the  ditosylate  (II)  in  comparison  with 

{’  cholesteryl  tosylate  (VIII)  is  accounted  for  by  the  influence  of  the  tosyloxy  group  at  C17. 
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TIpson  [4],  in  a  study  of  the  properties  of  tosyl  esters  of  various  organic  compounds,  observed  that 
tosylates  incapable  of  entering  into  double  decomposition  reactions  with  sodium  iodide  in  acetone  form 
quaternary  pyridinium  salts  with  difficulty.  His  observation  is  also  confirmed  in  the  series  of  the  steroid  com 
pounds:  whereas  tosyl  esters  in  the  Cs  position  capable  of  forming  a  quaternary  pyridinium  salt  readily  give 
3>iodo  derivatives  with  sodium  iodide  in  acetone  solution,  the  17-tosylates,  as  we  have  shown  [5],  entirely 
fail  to  react  with  sodium  iodide  under  these  conditions. 


EXPERIMENTAL 

A*-Androstene-3(fl),  17(fl)-dioI  3,17-ditosylate  (II).  To  a  solution  of  5  g  A®-androstene-3(6),  17(0)- 
-diol  in  15  ml  dry  pyridine  was  carefully  added  (cooling  with  iced  water)  6.7  g  p-toluenesulfochloride,  the 
temperature  being  held  at  17-20*.  The  reaction  mass  was  left  4  days  at  room  temperature  and  then  poured 
into  water.  The  precipitate  was  filtered,  washed  with  water  and  dissolved  in  benzene;  the  benzene  solution 
was  washed  free  from  pyridine  with  2%  hydrochloric  acid  solution,  then  washed  again  with  water  and  dried 
with  sodium  sulfate.  The  benzene  was  distilled  off  and  the  residue  recrystallized  from  1:2  gasoline -acetone 
mixture  to  give  7.3  g  A*-androstene-3(0),  17(6)-diol  3,  17-ditosylate  with  m.p.  138.5-139.5*,  [a]D~^®* 

(l*7o  solution  in  chloroform);  the  literature  [6]  reports  m.p.  140-141*. 

A^-Androstene-3(B).  17(e)-diol  17-tosylate  (III).  7.3  g  A®-androstene -3(6).  17(6)-diol3.  17-di¬ 
tosylate  was  dissolved  with  stirring  in  730  ml  pure  acetone  freed  from  traces  of  alcohol;  420  ml  water  and 
0.3  g  magnesium  carbonate  were  added  and  the  mixture  boiled  4  hours.  The  acetone  was  taken  off  and  the 
precipitate  dissolved  in  ether;  the  ethereal  solution  was  washed  with  water  and  dried  with  sodium  sulfate. 

The  edier  was  then  distilled  off.  Recrystallization  of  the  residue  from  alcohol  gave  3.44  g  (III)  with  m.p. 
128.5-129.5*.  A  mixed  test  with  A®-androstene-3(6),  17(0)-diol  17-tosylate,  obtained  by  saponification* of 
A®-androstene-3(6),  17(6)-diol  3-acetate,  17-tosylate  [2],  did  not  give  a  depression  of  the  melting  point. 

From  the  filtrate  was  isolated  a  further  0.82  g  product  with  m.p.  125-127*. 

3-Monopyridinium  salt  of  A^-androstene-3(B ),  17(6)-diol  ditosylate  (IV).  0.5  g  A®-androstene-3(6), 
17(6)-diol  was  dissolved  in  2  ml  anhydrous  pyridine  and  0.98  g  p-toluenesulfochloride  was  added;  the  mixture 
was  heated  at  70*  for  30  minutes  iuic”  left  until  the  following  day  at  room  temperature.  The  mixture  was  then 
poured  into  water;  a  white,  benzene-insoluble  precipitate  came  down;  this  was  filtered,  washed  with  2*7©  hy¬ 
drochloric  acid  solution  and  then  with  water,  and  dried  at  60*;  m.p.  132-134*.  The  substance  is  insoluble  in 
a  mixture  of  gasoline  and  acetone  (1:2).  After  recrystallization  from  acetone  it  has  m.p.  139-  140*  (in  sealed 
capillary),  [a]*D“29.83*  {Vjo  solution  in  chloroform).  A  mixed  test  with  (IV)  does  not  give  a  depression  of  m.p. 

Found  <7o:  C  65.35;  H  7.23;  N  2.15;  S  9.38,  9.57.  C3jH4,0,NS,.  Calc.  %:  C  65.57;  H  7.10;  N  2.00; 

S  9.20. 
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Monopyridinium  salt  of  3-iodo-17-tosylate  of  A^-androstene-17(B)-ol  (V).  To  0.15  g  3-monopyri- 
dinium  salt  of  A“-androsten-3(  6),  17(0)-diol  ditosylate  in  20  ml  acetone  was  added  0.15  g  sodium  iodide 
at  room  temperature;  a  precipitate  of  the  sodium  salt  of  p-toluenesulfonic  acid  at  once  started  to  come  down. 
The  acetone  was  driven  off  from  the  filtrate.  After  two  hours  this  precipitate  was  filtered  off.  The  acetone 
was  driven  off  from  the  filtrate  in  vacuum  and  the  dry  residue  transferred  to  a  filter  and  washed  with  water, 
benzene  and  a  few  drops  of  cooled  acetone.  The  faint-yellow  product  had  m.p.  177-179*.  After  dissolving 
in  acetone  and  reprecipitating  with  ether  the  m.p.  was  183-183.5*. 

Found  <7o:  C  58.35,  58.62;  H  6.49,  6.46;  N  2.10  (Kjeldahl),  2.20  (Dumas);  S  5.11;  I  19.46. 

C51H40O,  NSI.  Calc.  %  C  58.74;  H  6.37;  N  2.21;  S  5.05;  I  20.04. 

SUMMARY 

1.  A  simple  method  is  given  for  the  preparation  of  A®-androstene-3{6),  17(0)-diol  17-tosylate. 

2.  The  quaternary  pyridinium  salts  of  A®-andtostene-3(6),  17(8)-diol  3,  17-ditosylate  and  of  A*- 
-androsten-17(0)-ol  3-iodo-17-tosylate  were  prepared. 

3.  It  was  shown  that  the  introduction  of  the  tosyl  residue  at  enhances  the  ability  of  the  tosyl 
ester  at  €3  to  form  a  quaternary  pyridinium  salt. 
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THE  BECKMANN  REARRANGEMENT  OF  2  -  NI TROIN  D  A  NEDIONE  -  1 , 3  OXIME 


G.  Ya.  Vanag  and  V.  N.  Vitol 


The  Beckmann  rearrangement  of  oximes  of  cyclic  ketones  usually  proceeds  in  such  a  manner  that 
the  nitrogen  enters  the  ring,  the  latter  becoming  expanded  and  forming  a  lactam.  Thus,  for  instance,  the 
Beckmann  rearrangement  of  cyclohexanoneoxime  gives  the  lactam  of  c  -aminocaproic  acid  which  polymerizes 
to  "caprone"  [1—3].  Analogous  rearrangements  take  place  with  ketones  of  condensed  systems,  and  then  two 
isomeric  lactams  may  be  formed,  for  example  from  the  oxime  of  8 -tetralone  [4].  In  the  case  of  dioximes  of 
cyclic  diketones  both  oxime  groups  can  rearrange;  thus  the  dioxime  of  cyclohexanedione-1,4  gives  two  iso¬ 
meric  lactams  with  an  8-membered  ring  [5]. 

In  the  Beckmann  rearrangement  of  the  monoxime  of  nitroindanedione  (I)  we  should,  by  analogy, 
theoretically  expect  the  formation  of  a  derivative  of  quinoline  as  well  as  a  derivative  of  isoquinoline  [6]. 


The  Beckmann  rearrangement  of  nitroindanedioneoxime  proceeds  readily  under  the  action  on  the 
oxime  of  Beckmann  mixture  as  well  as  of  phosphorus  oxychloride,  phosphorus  trichloride,  acetyl  chloride  and 
benzoyl  chloride  [7],  In  all  cases  one  and  the  same  substance  is  obtained,  namely  l-chloro-3-nitro-4-hydroxy- 
isoquinoline  (II).  Its  formation  can  be  explained  by  the  usual  scheme  of  rearrangement:  addition  of  hydrogen 
chloride  followed  by  loss  of  water  and  rearrangement: 


In  the  Beckmann  rearrangement  of  ketoximes  the  addition  of  hydrogen  chloride  is  usually  regarded 
as  an  intermediate  phase  of  the  reaction;  then  follows  hydrolysis  of  the  chloro  derivative  and  replacement  of 
its  chlorine  by  the  hydroxyl  group.  In  our  case  the  corresponding  chloro  derivative  (II)  was  a  stable  end  pro¬ 
duct  of  the  reaction.  That  the  compound  was  a  derivative  of  isoquinoline  and  not  of  quinoline  was  shown  by 
its  cleavage  and  oxidation.  The  final  product  was  phthalic  acid  or  phthalimide.  The  ease  of  transition  of 
isoquinoline  derivatives  to  phthalimide  has  been  repeatedly  noted  in  the  literature.  Treatment  of  1-chloro- 
-3-nitro-4-hydroxyicoquinoline  with  caustic  alkali  gives  in  solution  both  chloride  and  nitrite.  This  indicates 
that  the  nitro  group  had  remained  intact  during  the  Beckmann  rearrangement  of  the  oxime  of  nitroindanedione. 


As  was  shown  earlier  [8],  isomerization  of  nitroindanedione  in  presence  of  acetic  anhydride  gives  N-hydroxy 
phthaloneiniidc  (III).  The  location  of  the  hydroxyl  group  of  l-chloro-3-nitro-4-hydroxyisoquinoline  was 
verified  by  the  preparation  of  the  corresponding  acetyl  derivative  (IV): 
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We  have  thus  verified  all  the  functional  groups  of  the  product  of  Beckmann  rearrangement  of  nitro- 
indanedioneoxime.  One  fact  remained  to  be  established,  however:  that  this  product  is  indeed  a  derivative 
of  isoquinoline.  That  special  care  is  here  necessary  is  clear  from  the  already  known  properties  of  nitroindane¬ 
dione  -  its  facile  transformation  into  derivatives  of  both  phthaloneimide  and  phthalide  [9]. 

Isoquinoline  is  often  obtained  when  many  derivatives  of  isoquinoline  are  distilled  with  zinc  dust.  On 
applying  this  method  to  our  product  of  rearrangement  as  well  as  to  some  of  its  derivatives,  we  always  obtained 
a  distillate  with  the  odor  of  isoquinoline;  we  were  unable,  however,  to  isolate  it.  This  may  be  due  to  the  facil 
ity  of  decomposition  of  the  product  of  rearrangement.  In  the  distillate  were  detected  phthalimide  and  certain 
violet  substances  (phthalocyanines?)  which  interfered  with  the  separation  of  the  isoquinoline  in  the  form  of 
the  picrate. 

Reduction  of  l-chloro-3-nitro-4-hydroxyisoquinoline  with  various  reducing  agents  under  various  con¬ 
ditions  did  not  give  crystalline  substances.  Some  very  interesting  properties  are  exhibited  by  the  compounds 
obtained,  but  due  to  the  difficulty  of  their  purification  they  were  not  examined  more  closely.  Finally  we  suc¬ 
ceeded  in  obtaining  a  crystalline  compound  by  reduction  with  hydriodic  acid  and  red  phosphorus.  The  main 
product  of  the  reaction  was  1,4-dihydroxyisoquinoline  or  4-hydroxyisocarbostyril  (VI),  already  described  in  the 
literature  [10].  The  following  mechanism  may  be  advanced  for  its  formation.  On  the  one  hand  l-chloro-3- 
-nitro-4-hydroxyisoquinoline  is  hydrolyzed  and  its  chlorine  is  replaced  by  hydroxyl.  The  facility  of  hydration 
of  the  azomethine  bond  in  isoquinoline  derivatives  has  been  reported  in  the  literature  [11].  That  the  accumu 
lation  of  oxygen  atoms  and  negative  groups  greatly  facilitates  hydrolysis  of  cyclic  systems  has  been  demon¬ 
strated  very  recently  by  Soviet  chemists  in  a  series  of  investigations  (see,  for  example  [12  and  13]),  On  the 
other  hand  the  nitro  group  is  split  off  in  the  process  of  reduction  with  formation  of  ammonium  iodide  which 
can  actually  be  isolated  from  the  filtrate  in  large  amount.  The  entire  reduction  scheme  is  represented  as 
foltows: 


One  of  the  most  interesting  properties  of  1,4-dihydroxyisoquinoline  is  the  ease  with  which  it  oxidizes 
to  carbindigo  [10].  Fuming  nitric  acid  oxidizes  carbindigo  (VII)  to  phthaloneimide  (VIII).  Our  reduction  pro¬ 
duct  likewise  exhibited  these  properties: 

Further  confirmation  of  the  identity  of  the  prepared  1,4-dihydroxyisoquinoline  was  obtained  by  pre¬ 
paration  of  its  products  of  condensation  with  phthalic  anhydride  and  benzaldehyde.  The  properties  of  these 
derivatives  were  in  full  accord  with  the  literature  data. 
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EXPERIMENTAL 


l-Chloro-3-nitro-4-hydroxyiso  quinoline 

1.  10  g  nitroindanedioneoxime  and  200  ml  Beckmann  mixture  (400  g  glacial  acetic  acid  and  100  g 

acetic  anhydride  saturated  with  hydrogen  chloride)  were  refluxed  on  a  water  bath.  The  oxime  dissolved  to 
give  a  yellow  solution.  On  cooling,  a  yellow  crystalline  substance  came  down.  Water  was  added  for  complete 
precipitation,  and  the  product  was  suction-filtered  and  washed  with  water.  Yield  of  l-chloro-3-nitro-4-hydroxy- 
isoqulnoline  7.3  g  The  compound  crystallizes  well  from  many  organic  solvents,  for  example  glacial 

acetic  acid,  alcohol,  chloroform,  and  dioxane.  White  needles  with  m.p.  212-213“. 

2.  10  g  nitroindanedioneoxime,  100  ml  glacial  acetic  acid  and  10  ml  phosphorus  oxychloride  (  or 
phosphorus  trichloride)  were  refluxed  on  a  water  bath.  The  oxime  dissolved  to  form  a  yellow  solution.  After 
cooling,  the  mixture  was  diluted  with  water,  suction- filtered,  and  worked  up  as  previously.  Yield  8.4  g  (77<7o). 

3.  Into  a  flask  with  an  ait  condenser  (ground-glass  connection)  were  introduced  10  g  nitroindanedione¬ 
oxime,  100  ml  glacial  acetic  acid  and  10  ml  phosphorus  oxychloride.  Reaction  commenced  after  5—10  minutes: 
heat  was  generated,  hydrochloric  acid  was  evolved,  and  the  yellow  crystals  of  nitroindanedioneoxime  were  grad¬ 
ually  transformed  into  white  needles.  The  reaction  goes  \/;thoL’.tcxte.rn.''lhcat.ngancI  is  completed  in  2  2  !io;irs. 
The  ninti’.rc  was  gradually  diluted  with  water  and  worked  up  as  previously.  Yield  9.3  g  (85.3‘7o). 

Found  <7o:  N  12.41;  Cl  15.95.  M  222.8  (Rast),  226.1  (in  ethylene  bromide).  CJH5O3N1CI.  Calc. 

N  12.48:  Cl  15.80.  M  224.5. 

2  g  l-chloro-3-nitro-4-hydroxyisoquinoline  was  covered  with  15  ml  concentrated  sulfuric  acid  and 
heated  on  a  water  bath.  The  liquid  darkened  and  gave  off  hydrochloric  acid.  When  the  latter  ceased  to  come 
off  the  liquid  was  run  into  water.  The  next  day  the  yellowish  needles  of  phthalimide  were  separated.  M.p. 

234“.  It  sublimed.  Ammonia  is  evolved  on  heating  with  caustic  alkalies.  No  melting  point  depression  in 
admixture  with  pure  phthalimide. 

To  a  suspension  of  l-chloro-3-nitro-4-hydroxyisoquinoline  in  water,  heated  on  a  water  bath,  was 
added  an  aqueous  solution  of  potassium  permanganate  until  decolorization  no  longer  occurred.  The  liquid 
was  filtered.  From  the  filtrate  separated  pale-yellow,  long  needles  of  phthalimide.  Identification  as  before. 

Found  N  9.48.  CgHgOjN.  Calc.  °!o:  N  9.52. 

Acetate  of  1  -  chloro  -  3  -  ni  tro  -  4  -  hy  dro  xy  i  soquino  line  ( 1  -  chloro  -  3  -  ni  tro  -  4  -  ace  t- 
oxyisoquinoline) 

1  g  l-chloro-3-nitro-4-hydroxyisoquinoline  and  5  ml  acetic  anydride  were  boiled  until  the  solid 
dissolved.  The  cooled  yellow  solution  deposited  light-yellow  needles  of  the  acetate  of  l-chloro-3-nitro-4- 
-hydroxyisoquinoline.  Dilution  of  the  filtrate  with  water  (after  decomposition  of  the  acetic  anhydride)  brought 
down  a  little  more  of  the  acetate  in  the  form  of  white  needles.  Total  yield  1  g  (77*70).  Crystallization  from 
alcohol,  acetic  acid  or  other  solvents  gave  white  needles  with  m.p.  136“. 

Found  <7o:  N  10.57;  Cl  13.25.  M  255.4  (Rast),  282.4  (in  acetone).  CnHiO^NjCl.  Calc.  °Ioi  N  10.52; 

Cl  13.30.  M  266.5. 

The  odor  of  ethyl  acetate  was  detected  when  the  acetate  of  l-chloro-3-nitro-4-hydroxyisoquinoline 
was  heated  with  concentrated  sulfuric  acid. 
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1.4-Dlhydroxyi  so  quinoline 


10  g  l-chloro-3-nitro-4-hydroxuisoquinoline,  40  ml  hydriodic  acid  (d  1.52—1.62)  and  10  g  red  phos¬ 
phorus  in  a  flask  with  a  reflux  condenser  were  carefully  heated  over  a  small  flame  until  reaction  commenced. 
Gases  came  off  and  much  frothing  occurred.  Heating  was  stopped  after  cessation  of  the  violet  reaction  (5—7 
minutes):  then  the  mass  was  gently  boiled  another  2  hours  and  the  hot  solution  filtered  through  a  glass  filter. 

The  light-yellow  filtrate  set  to  a  crystalline  mass  on  cooling.  The  residues  of  liquid  were  filtered  at  the  pump 
and  the  crystals  washed  with  ether.  Yield  7.8  g  (60.6%  light-yellow  needles  of  the  hydroiodide  of  dihydrox- 
yisoquinoline  (V). 

Found  N  4.59;  I  43.53.  C,H,O^NJ.  Calc.  N  4.85;  1  43.91. 

The  salt  hardly  dissolves  when  heated  with  water  but  hydrolyzes  with  formation  of  a  yellow,  amor¬ 
phous  substance  —  1,4-dihydroxyisoquinoline  (VI).  It  can  be  crystallized  from  alcohol,  glacial  acetic  acid, 
acetone  and  other  solvents.  The  solutions  at  first  are  yellow  but  gradually  redden  on  standing  due  to  oxida¬ 
tion  of  the  1,4-dihydroxyisoquinoline  to  carbindigo.  This  change  is  particularly  conspicuous  in  acetic  acid 
solution  in  which  oxidation  goes  most  rapidly  with  deposition  of  the  dark-red  carbindigo  (VII):  in  order,  there¬ 
fore,  to  obtain  light  1,4-dihydroxyisoquiaoline,  the  crystals  must  be  filtered  quickly  after  cooling  of  the  solu¬ 
tion.  1,4- Dibydroxyisoquino line  becomes  red  at  about  200*  but  does  not  melt  even  at  250*. 

Founder  N  8.49.  C,HAN.  Calc.  %:  N  8.70. 

To  a  saturated  solution  of  1,4-dihydroxyisoquinoline  in  alcohol  was  added  a  saturated  solution  of 
picric  acid  in  alcohol.  Yellow  crystals  of  the  picrate  of  1,4-dihydroxyisoquinoline  came  down;  m.p.  218*. 

Found  %*  N  14.16.  CuHuOjN^.  Calc.  %  N  14.36. 

Oxidation  of  1,4-dihydroxyisoquinoline  to  carbindigo 

1.  1  g  of  the  prepared  1,4-dihydroxylsoqunioline  hydroiodide  in  a  porcelain  dish  was  covered  with 
10  ml  water;  2%  potassium  hydroxide  was  added  with  stirring  until  the  liquid  and  precipitate  were  red;  the 
mass  was  then  heated  on  a  water  bath. 

Part  of  the  soluaon  was  evaporated  to  leave  a  liquid  with  a  red-brown  solid.  The  latter  was  collect¬ 
ed,  washed  with  hot  wat^  and  boiled  with  alcohol.  The  residual  carbindigo  was  crystallized  from  nitroben¬ 
zene.  Dark-red  crystals  with  m.p.  above  400*. 

Found  %:  N  8.76.  Ci,Hio04N,.  Calc:  N  8.81. 

2.  To  a  suspension  of  the  prepared  1,4-dihydroxyisoquinoline  in  water  was  added  hydrochloric  acid 
and  hydrogen  peroxide;  the  mixture  was  boiled.  The  yellow  1,4-dihydroxyisoquinoline  was  transformed  into 
red  carbindigo.  The  latter  formed  an  orange-yellow  solution  in  caustic  alkali;  in  nitrobenzene  the  color  is 
dark-red;  from  the  latter  solution  were  isolated  dark-red  crystals  of  carbindigo  with  m.p.  400*. 

Found%:  N  9.02.  Ci,Hio04N,.  Calc.  %  N  8.81. 

Oxidation  of  carbindigo  to  phthaloneimide 

0.15  g  carbindigo,  prepared  in  the  preceding  experiment,  and  2  ml  fuming  niuic  acid  were  heated 
until  a  yellow  solution  was  formed.  It  was  cooled  and  pieces  of  ice  introduced.  Yellow  needles  of  phthalone  - 
imide  (VIII)  came  down.  Yield  0.1  g.  M.p.  224-  225*  after  crystallization  from  water. 

Found  '5'o:  N  8.02.  CjHsOjN.  Calc.  %  N  8.00. 

SUMMARY 

The  Beckmann  rearrangement  of  2-nitroindanedione-l, 3-oxime  with  the  help  of  Beckmann  mixture, 
phosphorus  oxychloride,  phosphorus  trichloride  and  other  reagents  gives  l-chloro-3-nitro-4-hydroxyisoquinoline. 

Reduction  of  l-chloto-3-nitro-4-hydroxyisoquinoline  with  hydriodic  acid  and  red  phosphorus  gave 
1,4-diliydroxyisoquinoline. 

The  possibility  was  thereby  proved  of  transition  from  relatively  easily  available  derivatives  of  in- 
danedione  to  new  derivatives  of  isoquinoline.  A  derivative  of  isoquinoline  with  a  nitro  group  in  the  pyridine 
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ring  was  obtained;  compounds  of  this  type  have  not  hitherto  been  described  in  the  literature. 
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SYNTHESES  WITH  THE  HELP  OF  ACRYLONITRILE 


XXI.  SYNTHESIS  AND  PROPERTIES  OF  N-INDOLYL- 6 -PROPIONIC  ACIDS 
A.  P.  Terentyev,  A.  N.  Kost  and  V.  A.  Smit 


Substituted  indoles  in  presence  of  alkaline  agents  react  with  acrylonitrile  to  give  N-(6 -cyanoethyl)- 
-derivatives  [1].  The  catalyst  chiefly  used  was  "Triton  B"  (40%  aqueous  solution  of  trimethylbenzylammonium 
hydroxide).  We  showed  previously,  with  reference  to  the  cyanoethylation  of  a  -phenylindole  and  carabazole 
[2],  that  "Triton  B"  can  be  advantageously  replaced  by  Rodionov  catalyst  (alcoholic  solution  of  ethoxy  trim  ethyl - 
phenylammonium).  The  only  information  about  the  cyanoethylation  of  indole  itself  has  appeared  in  patents 
[3-5].  Thus,  Roh  and  Wolf  [3]  point  out  that  heating  of  indole  with  acrylonitrile  (5  hours,  120-130®)  in  pre¬ 
sence  of  sodium  ethoxide  and  copper  borate  leads  to  N-indolyl-6 -propionitrile  in  89%  yield.  At  the  same  time 
some  1,3 -dinitrile  is  formed,  the  constants  of  which  are  not  stated.  Reppe  and  Ufer  [5]  claim  that  in  an  acid 
medium  (acetic  or  boric  acid)  cyanoethylation  likewise  occurs  in  the  1-position,  while  with  addition  of  copper 
borate  it  occurs  in  the  3-position. 

Our  experiments  show  that  indole  and  acrylonitrile  do  not  react  without  a  catalyst  even  on  intensive 
heating  (20  hours*  200*).  Joint  heating  of  the  components  in  presence  of  sodium  ethoxide  gives  an  insignificant 
yield  of  N-indolyl-0 -propionitrile  since  a  considerable  amount  of  the  acrylonitrile  polymerizes.  In  presence 
of  copper  salts  in  an  alkaline  medium,  polymerization  is  suppressed  but  not  completely.  If,  however,  the  re¬ 
action  is  conducted  in  an  inert  solvent  (benzene)  in  presence  of  potassium  hydroxide,  heating  is  not  requited. 

The  reaction  goes  in  1—2  hours  at  room  temperature  (with  slight  heat  development),  giving  perfectly  pure 
N-:rdolyl-C-prop;oii'trile  (traces  of  the  1,3-dinitrile  were  absent). 

It  is  desirable  to  take  a  double  excess  of  acrylonitrile  since  otherwise  (even  with  7  hours  heating  to 
120-140°)  a  part  of  the  indole  does  not  enter  into  reaction.  The  amount  of  potassium  hydroxide  is  also  im¬ 
portant.  The  optimum  was  found  to  be  5-6  g  potassium  hydroxide  per  mole  indole  (yield  95%);  reduction  in 
the  amount  of  alkali  to  1  g  leads  to  a  sharp  drop  in  yield  (30%),  and  increase  to  40  g  led  to  considerable  poly¬ 
merization  of  the  acrylonitrile  and  to  a  corresponding  fall  in  yield  (80%).  Heating  of  the  mixture  does  not  in¬ 
crease  but  slightly  reduces  the  yield  due  to  polymerization  of  the  acrylonitrile  (2  hours,  120-140*;  yield  88- 
-90%).  Consequently  the  conditions  specified  in  the  patent  appear  too  drastic.  In  presence  of  acidic  additions 
(boric  or  acetic  acid)  even  at  200*,  the  reaction  does  not  go  (between  85  and  90%  of  the  indole  was  recovered 
unchanged). 

In  our  selected  reaction  conditions  (potassium  hydroxide,  in  benzene  solution  without  heating)  cyano¬ 
ethylation  in  the  1-position  takes  place  smoothly  also  with  a  number  of  other  indole  compounds.  Thus,  6-indol- 
yl-0 -propionitrile  (XII)  and  0 -(a -methylindolyl)-6 -propionitrile  (IV)  gave  the  dinitriles  in  yields  of  97  and  83% 
respectively,  a -Methylindole  (I)  requires  slight  heating  (1  hour  on  water  bath).  Saponification  of  all  the  above- 
mentioned  nitriles  and  dinitriles  gave  the  corresponding  acids. 

Saponification  of  N-(a -methylindolyl)-0 -propionitrile  (II)  gave  (a -methylindolyl)-0 -propionic  acid 
(III)  with  m.p.  111-112°.  Roh  and  Wolf  reported  [3]  m.p.  110*  for  this  compound;  Reppe  [5],  however,  gave  m.p. 
135*.  Reppe’s  constants  agree  better  with  0 -(a -methylindolyl)-0 -propionic  acid  (V)  for  which  is  reported  m.p, 
138*  [6].  By  hydrolysis  of  0-(a-methylindolyl)  -0 -propionic  acid  we  obtained  this  acid  with  m,p.  138*. 

It  should  be  mentioned  that  P.eppe's  error  was  not  fortuitous,  since  he  also  erroneously  attributes  to  the 
product  of  addition  of  maleic  anhydride  to  a -methylindole  [5]  the  structure  of  N-(a-methylindolyl)-succinic 
acid,  whereas  Diels  and  Alder  [7]  had  previously  described  this  reaction  and  has  shown  that  the  substance  formed 
is  0-(a-methylindolyl)-succinic  acid. 

N-Indoly  1-0 -propionic  acid  (X)  and  its  nitrile  (IX)  are  perfectly  stable  compounds,  distillable  in  vacu¬ 
um  without  decomposition.  However,  after  8  hours  boiling  of  N-indolyl  -0  -propionitrile  (IX)  with  concentrated 
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potassium  hydroxide  solution  (with  or  without  passage  of  a  stream  of  ammonia),  not  only  is  the  nitrile 
hydrolyzed  but  the  indole  (VIII)  is  partly  cleaved  (up  to  10*7o),  whereas  the  corresponding  N-indolyl -6 -propionic 
acid  (X)  is  stable  under  these  conditions.  Quantitative  cleavage  of  the  5  -carboxyethyl  group  was  effected  by 
treatment  of  an  alkaline  solution  of  N-indolyl-0 -propionic  acid  with  steam  superheated  to  250-  270*. 
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Similar  treatment  with  steam  of  N,6-indolydene-di-fl -propionic  acid  (XIV)  gives  6-indolyl  -0 -pro¬ 
pionic  acid  (Xin)  which  is  fully  stable  under  these  conditions. 

The  dinitrile  of  N,6  -indolydene-di-0 -propionic  acid  (XI)  is  less  stable  than  the  corresponding  mono¬ 
nitrile:  on  heating  in  vacuum  to  250*  it  loses  acrylonitrile  with  quantitative  formation  of  6  -indolyl  -0  -propio- 
nitrile  (XII)  which  can  be  distilled  in  vacuum  without  decomposition. 


H  (snr) 

It  is  thus  confirmed  that  products  of  cyanoethylation  in  which  the  0  -cyanoethyl  group  is  linked  to  a 
hetero  atom  are  susceptible  to  facile  cleavage  into  the  original  components  and  to  transcyanoethylation  due 
to  the  lability  of  the  bond  between  the  hetero  atom  and  carbon.  But  if  a  carbon-carbon  bond  was  established 
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in  the  process  of  cyanoethylation,  then  such  compounds  split  off  the  cyanoethyl  group  only  with  great  difficul¬ 
ty  [8]. 

We  also  carried  out  a  series  of  experiments  on  the  reaction  of  indole  (in  an  alkaline  medium)  with 
ethylene  cyanohydrin,  6 -alkoxypropionitriles  and  dimethylaminopropionitrile.  The  direction  of  reaction  in 
these  cases  was  difficult  to  predict  because  although  acrylonitrile  in  an  alkaline  medium  cyanoethylates  in¬ 
dole  only  in  the  1-position,  alcohols  in  an  alkaline  medium  give  0 -alkylindoles  with  indole  [9],  and  conden¬ 
sations  of  Mannich  bases  with  indole  in  the  6 -position  have  also  been  described  [10].  It  was  found  that  heat¬ 
ing  of  ethylene  cyanohydrin  with  indole  in  an  autoclave  in  presence  of  alkali  (6-12  hours,  150-200*)  gives 
after  hydrolysis  40-90%  yields  of  N-indolyl-  6-propionic  acid  (X);  the  product,  however,  is  much  less  pure 
than  in  the  synthesis  with  the  help  of  acrylonitrile  (6 -substituted  indoles  could  not  be  isolated).  Similarly  the 
reaction  with  6 -dimethylaminopropionitrile  gave  this  acid  in  47%  yield,  while  reaction  with  0 -dimethylamino 
ethoxy  propionitrile  gave  it  in  a  yield  of  53%, 

Ethyl  acrylate  is  more  sluggish  than  acrylonitrile  in  its  reaction  with  indole.  The  reaction  barely 
goes  without  heating,  while  with  2  hours  heating  (in  an  alkaline  medium)  up  to  80“,  ethyl  N-indoly  1-0 -pro¬ 
pionate  was  obtained  in  a  yield  of  30%. 


EXPERIMENTAL 

Use  was  made  in  all  experiments  of  perfume-grade  indole,  distilled  in  vacuum,  and  of  acrylonitrile 
dried  with  calcium  chloride  and  stabilized  with  hydroquinone. 

N-Indoly  1-0 -propionitrile  (IX).  In  a  three-necked  flask,  fitted  with  reflux  condenser  and  stirrer,  was 
placed  a  solution  of  11.7  g  indole  and  10.6  g  acrylonitrile  in  50  ml  anhydrous  benzene;  the  stirrer  was  started 
and  0.6  g  pulverized  potassium  hydroxide  was  added;  the  mixture  almost  at  once  acquired  a  blue  color  which 
later  changed  to  red.  After  20-30  minutes  the  temperature  of  the  mixture  rose  spontaneously  to  30-40*. 

After  1-2  hours,  the  stirrer  was  stopped  and  the  benzene  solution  filtered  from  the  small  amount  of  solid;  the 
benzene  and  excess  acrylonitrile  were  driven  off  on  a  water  bath  and  the  residue  distilled  in  vacuum.  The 
greater  part  came  over  at  168  —  180*  (3  mm)  in  the  form  of  a  colorless  oil  which  at  once  solidified  on  cooling. 
Yield  16.2  g  (95%)  N-indolyl -0 -propionitrile  (IX)  with  m.p.  47*.  Literature  data:  m.p.  47-48*.  b.p.  170—183* 
at  1  mm  [5],  154-156*  at  1  mm  [3]. 

Hydrolysis  of  N-indolyl  -0  -  propionitrile.  A  mixture  of  17  g  N-indolyl -0 -propionitrile  and  150  ml 
10%  potassium  hydroxide  solution  was  boiled  3  hours  (until  the  oily  layer  had  completely  dissolved).  The  so¬ 
lution  was  filtered,  cooled  externally  with  ice  and  acidified  with  hydrochloric  acid  (3:1)  (test  with  congo)  to 
separate  N-indoly  1-0 -propionic  acid  in  the  form  of  a  white  resin  which  immediately  crystallized.  The  cry¬ 
stals  were  filtered,  washed  quickly  with  cold  water  and  dried  in  a  desiccator  over  calcium  chloride.  Yield 
18.0  g  (95%)  N-indolyl -0 -propionic  acid  (X)  with  m.p.  85-86*. 

The  acid  was  purified  by  dissolving  in  70  ml  alcohol,  filtering,  and  reprecipitating  the  acid  by  drop- 
wise  addition  of  120  ml  water  with  good  cooling  and  stirring.  Pure  N-indoly  1-0 -propionic  acid  came  down 
in  the  form  of  white  crystals.  Yield  15  g  acid  with  m.p.  90-91*.  Literature  data:  m.p.  91*,  b.p.  180-190* 
(without  mention  of  the  pressure  [5]). 

0-Indolyl-0 -propionic  acid  (XIII)  with  m.p.  133*  was  similarly  obtained  by  boiling  17  g  0-indolyl- 
-0 -propionitrile  (XII)  b.p.  190-210*  at  3  mm,  m.p.  67-68*  (from  benzene):  literature  data:  m.p.  64*  [5] 
for  2  hours  with  80  ml  25%  potassium  hydroxide  solution  followed  by  addition  of  10%  hydrochloric  acid.  Yield 
17  g  (90%).  From  0 -(a -methylindolyl)-0 -propionitrile  (IV)  [5],  b.p.  203-209*  at  2  mm,  m.p.  79.5*  (from 
aqueous  methanol),  was  obtained  a  70%  yield  of  0 -(a -methylindoIyl)-0 -propionic  acid  (V)  with  m.p.  138*; 
literature  data:  m.p.  138*  [6]. 

Cyanoethylation  of  indole  with  ethylene  cyanohydrin.  A  solution  of  11.7  g  indole,  8  g  ethylene 
cyanohydrin  and  6  g  solid  potassium  hydroxide  in  100  ml  93%  ethyl  alcohol  was  heated  in  a  500  ml  steel 
autoclace  for  6  hours  at  an  oil  bath  temperature  of  190-200*.  After  cooling,  the  autoclave  was  opened;  the 
solvent  was  driven  off  on  a  boiling  water  bath,  then  the  unreacted  indole  (2.5  g)  was  distilled  off  with  steam, 
after  which  the  solution  was  boiled  with  active  carbon,  filtered,  cooled,  and  acidified  with  hydrochloric  acid 
(1:3)  until  acid  to  congo;  N-indolyl  -0 -propionic  acid  (X)  came  down  in  the  form  of  a  resin  which  solidified 
in  the  cold  to  a  light-brown  mass.  This  was  filtered,  washed  with  cold  water  and  dried  over  calcium  chloride. 
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Yield  9  g  with  m.p.  82*  (47  %  reckoned  on  the  weight  of  indole  or  62‘7oon  the  reacted  indole). 

After  recrystallization  from  aciueous  alcohol,  N-indoly  1-6 -propionic  acid  has  m.p.  86  .  It  distils 
(preferably  in  a  nitrogen  stream)  at  180  -190“  and  2  mm  in  the  form  of  a  colorless  oil  which  solidifies  on 
cooling.  It  is  readily  soluble  in  alcohol,  ether,  benzene  and  dichloroethane;  it  crystallizes  from  gasoline  or 
ligroine  in  the  form  of  small,  colorless  needles  with  m.p.  89*.  By  reprecipitation  with  hydrochloric  acid  from 
alkali  solution,  the  acid  is  obtained  with  m.p.  91*.  A  mixture  with  a  specimen  of  N-indolyl  -6 -propionic  acid 
obtained  by  hydrolysis  of  the  nitrile  does  not  give  a  depression  of  melting  point. 

A  lower  yield  (41%)  is  obtained  when  using  sodium  hydroxide  as  the  catalyst.  The  best  results  are  got 
by  heating  C.l  mole  indole,  0.1"  i.iolc  ethylene  cyanohydrin  and  0.25  mole  potassium  hydroxide  (in  100  ml  al¬ 
cohol).  The  reaction  in  this  case  took  6  hours  at  220*  (bath  temperature)  and  the  yield  was  90%;  however,  the 
acid  has  a  m.p.  of  about  70*  and  was  difficult  to  free  from  products  of  resinification. 

Cyanoethylation  of  indole  with  6  -ethoxypropionitrile.  A  solution  of  5.9  g  indole,  7.5  g  B-ethoxy- 
propionitrile  and  4.1  g  solid  potassium  hydroxide  in  50  ml  95%  ethyl  alcohol  was  heated  in  a  90  ml  steel  auto¬ 
clave  for  6  hours  at  an  oil  bath  temperature  of  190—200*.  Separation  of  the  N-indolyl -6 -propionic  acid  was 
effected  as  in  the  experiment  with  ethylene  cyanohydrin.  There  was  obtained  4.4  g  N-indolyl -6 -propionic 
acid  (X)  with  m.p.  76-78*,  or  about  47%. 

Attempts  to  conduct  the  reaction  in  a  medium  of  boiling  benzene  with  stirring  for  2-3  hours  in  pre¬ 
sence  of  solid  potassium  hydroxide  gave  a  negative  result.  Performance  of  the  reaction  in  a  medium  of  boiling 
xylene  led  to  a  12%  yield  of  N-indolyl -6 -propionic  acid  with  b.p.  160-165*  at  2  mm  (much  of  the  indole  was 
recovered). 

Cyanoethylation  of  indole  with  6 -dimethylaminopropionitrile.  a)  When  carrying  out  the  reaction  in 
an  autoclave  the  ratio  of  reactants  and  the  experimental  conditions  were  the  same  as  in  the  experiment  with 
6 -ethoxypropionitrile.  1.2  g  indole  was  recovered  (out  of  5.9  g  taken  for  the  experiment).  There  was  obtained 
5  g  N-indolyl -6 -propionic  acid  with  m.p.  77-7€*,  equivalent  to  a  yield  of  53%  reckoned  on  the  indole  taken, 
and  65. 7%  on  the  reacted  indole. 

b)  A  mixture  of  11.7  g  indole,  19.6  g  6 -dimethylaminopropionitrile  and  0.6  g  dry,  pulverized  potass¬ 
ium  hydroxide  was  heated  with  stirring  in  a  medium  of  boiling  xylene  (50  ml)  for  4  hours.  The  solution  was 
filtered  and  heated  on  a  water  bath  in  the  vacuum  of  a  water  jet  pump  to  remove  solvent  and  6 -dimethylamino¬ 
propionitrile,  after  which  the  residue  was  vacuum -distilled  to  give  6  g  indole  and  3  g  nitrile  with  b.p.  160  —  165* 
at  2  mm;  hydrolysis  of  the  latter  gave  N-indolyl  -6 -propionic  acid  (2.7  g)  with  m.p.  85-86*.  The  yield  of  acid 
was  15%  reckoned  on  the  indole  taken  and  30%  on  the  reacted  indole. 

N-(c -methylindolyl)-B -propionic  acid  (111).  A  mixture  of  3.9  g  a -methylindole,  3.4  g  acrylonitrile, 

0.2  g  dry,  pulverized  potassium  hydroxide  and  15  ml  benzene  was  stirred  one  hour  in  the  cold  and  one  hour  while 
heating  on  a  water  bath  to  the  boil.  The  solution  was  filtered,  the  benzene  and  unreacted  acrylonitrile  were 
driven  off  on  a  water  bath,  and  the  residue  distilled  in  vacuum.  0.6  g  a -methylindole  came  over.  The  greater 
part  of  the  reaction  product  came  over  at  170  —  180“  (2  mm)  in  the  form  of  a  colorless,  crystallizing  oil.  Yield 
4.2  g  (77%)  N-(a -methylindolyl )-6 -propionitrile  (11)  with  m.p.  75-77*.  After  recrystallization  from  aqueous 
methanol  the  m.p.  was  83*.  A  second  recrystallization  from  aqueous  methanol  brought  the  m.p.  to  84*,  and 
this  did  not  change  on  subsequent  recrystallizations.  Literature  data:  m.p.  82*,  b.p.  180-194*  at  2  mm  [3]. 

A  mixture  of  1.8  g  of  the  prepared  nitrile  with  10  ml  15%  potassium  hydroxide  solution  was  boiled 
3  hours.  The  solution  was  filtered;  acidification  in  the  cold  with  hydrochloric  acid  (1:3)  gave  N-(a -methyl¬ 
indolyl  )-6 -propionic  acid  (111)  in  the  form  of  a  resin  which  solidified  in  the  cold.  Yield  1.8  g  (90%)  acid  with 
m.p.  108*,  rising  to  111-112*  after  crystallization  from  water.  Literature  data:  m.p.  110*  [3],  135*  ( ?)  [5]. 

Found  %:  N  6.79,  6.89,  7.01.  CaHuOjN.  Calc.  %:  N  6.94. 

N-lndolydene-di -6 -propionic  acid  (XIV).  A  mixture  of  34  g  6-indolyl-6 -propionitrile  (Xll)  [5],  21.2 
g  acrylonitrile,  1.2  g  dry,  pulverized  potassium  hydroxide  and  100  ml  benzene  was  stirred  1-2  hours  in  the  cold. 
30—40  minutes  after  addT  on  of  the  potassium  hydroxide,  the  temperature  of  the  solution  had  risen  spontaneously 
to  30-40*.  At  the  conclusion  of  the  reaction,  the  yellow  precipitate  was  filtered  off,  washed  with  a  little  benzene, 
and  dried.  Weight  of  precipitate  34  g,  m.p.  95-96*.  Evaporation  of  the  mother  liquor  gave  a  further  9.1  g  sub¬ 
stance  with  m.p.  88-89*.  Total  yield  of  N,6-indolydene-di-B-propionile  (XI)  43.1  g  (97%). 
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After  recrystallization  from  alcohol,  35.3  g  dinitrile  was  obtained  in  the  form  of  a  light-yellow  cry¬ 
stalline  substance  with  m.p.  96-97®.  Readily  soluble  in  dichloroethane,  chloroform  and  dioxane;  soluble  in 
benzene  and  ether;  poorly  soluble  in  carbon  tetrachloride  and  ligroinc.  Two  recrystallizations  from  alcohol 
gave  white  crystals  with  m.p,  97®. 

Found  <7o:  C  75.10,  75.39;  H  5.95.  CuHisN,.  Calc.  C  75.33;  H  5.83. 

A  mixture  of  6.7  g  N,6 -indolydene-di-6 -propionitrile  and  60  ml  lO^fo  potassium  hydroxide  solution 
was  boiled  4  hours.  After  cooling,  filtering  and  acidifying  with  hydrochloric  acid  (1:3),  7.4  g  N,6 -indolydene- 
-di-6  -propionic  acid  c:;  obta'r.Cf.!  m.p.  143°.  /  fter  rciTystailizat.on  fiu.i)  the  i.  .p,  rore  to  1  .(;® 

and  remained  constant  on  further  crystallization  from  alcohol  or  acetone. 

Found<7o:  C  64.27,  64.35;  H  5,70,  5.58.  M  (by  titration)  264,  265.  C14H15O4N.  Calc.  <7o:  C  64.36; 

H  5.74.  M  261.2. 

N,6  -( g  -Methylindolydene)-di- 6  -propionic  acid  (VII).  A  solution  of  5.5  g  6  -( 0  -methylindoly  1  )-6  - 
-propionitrile  (IV)  and  3.2  g  acrylonitrile  in  15  ml  benzene  in  presence  of  0.2  g  dry,  solid  potassium  hydroxide 
was  stirred  without  heating  for  1-2  hours.  Treatment  of  the  reaction  mixture  and  the  procedure  for  isolation 
of  the  dinitrile  were  the  same  as  in  the  preceding  experiment.  In  all,  '..9  g  ClVi)  cinitrilc  (VI)  \/iih  m,,  .  ICL’ 
\\’r.s  cbta'nccl.  Crystallizes  from  alcohol  in  the  form  of  colorless  needles  with  m.p.  143-144®.  After  3  re¬ 
crystallizations  form  alcohol,  m.p.  144-145®.  Literature  data:  m.p.  138®  [7]. 

A  mixture  of  1.2  g  N,fl -(a -methylindolydene)-di-6 -propionitrile  (VI)  and  10  ml  of  15%  potassium 
hydroxide  solution  was  refluxed  4  hours.  The  usual  treatment  gave  1.30  g  (quantitative  yield)  N,6 -(a -methyl- 
indolydene)-di-6-p  opionic  acid  with  m.p.  125  —  128®,  rising  to  128®  after  recrystallization  from  water.  Litera¬ 
ture:  m.p,  128®  [3]. 

Reaction  of  indole  with  ethyl  acrylate  in  an  alkaline  medium.  A  solution  of  5.8  g  indole  and  10.0  g 
ethyl  acrylate  in  25  ml  benzene  in  presence  of  0.3  g  dry,  pulverized  potassium  hydroxide  was  stirred  1  hour  in 
the  cold  and  then  another  2  hours  with  heating  on  the  water  bath  to  the  boiling  point  of  benzene.  The  solution 
was  filtered,  the  benzene  was  distilled  off  on  a  water  bath,  the  excess  of  ethyl  acrylate  was  distilled  off  in  the 
vacuum  of  a  water  jet  pump,  and  the  residue  distilled  in  vacuum  to  give  3.0  g  unchanged  indole  and  3.1  g 
(30%)  ethyl  N-indoly  1-0 -propionate  with  b.p,  135—150®  (2  mm).  Alkaline  hydrolysis  of  1.1  g  ester  gave  0.9  g 
N-indolyl -6 -propionic  acid  with  m.p.  83-86®  (no  melting  point  depression  with  the  pure  acid). 

Cleavage  of  the  N,  8  -  cyanoethyl  an  d  N ,  0  -  c  a  r  box  y  e  thy  1  gro  s^ 

a)  Steam  superheated  to  250-270®  was  passed  into  a  solution  of  5.7  g  N-indoly  1-0 -propionic  acid 
(X)  in  10  ml  30%  potassium  hydroxide  solution.  The  whole  of  the  indole  came  over  in  the  course  of  20-40 
minutes.  There  was  obtained  2.5  g  indole  with  m.p.  52®.  Extraction  of  the  aqueous  distillate  yielded  a  fur¬ 
ther  0.6  g  indole.  The  total  yield  was  substantially  quantitative. 

b)  Steam  superheated  280®  was  passed  for  30-40  minutes  into  a  solution  of  3.9  g  N,0-indolydene- 
-di-0 -propionic  acid  (XIV)  in  10  ml  50%  potassium  hydroxide  solution.  The  residue  in  the  distillation  flask 
was  then  dissolved  in  water,  and  the  solution  was  filtered  and  acidified  with  hydrochloric  acid  (1:3);  0-indolyl- 
-0 -propionic  acid  (XIII)  came  down  in  the  form  of  white  plates.  After  drying  over  calcium  chloride  the  weight 
was  2.3  g  (82%),  m.p.  131®. 

c)  5  g  N,0-indolydene-di-0 -propionitrile  (XI)  was  heated  with  a  small  quantity  of  hydroquinone  in 
a  vacuum  in  a  nitrogen  stream  at  250®  (on  a  bath  of  Wood's  metal).  A  white  vapor  came  off  and  at  210®  a 
transparent,  crystallizable  liquid  started  to  distil  over.  The  temperature  then  dropped  and  the  main  bulk  came 
over  at  190®  (2  mm).  There  was  obtained  3.4  g  (92%)  crystalline  0  -indoly  1-0  -propionitrile  (XII)  with  m.p. 

64®. 


d)  5.7  g  N-indolyl -0 -propionic  acid  (X)  was  boiled  in  a  50%  potassium  hydroxide  solution  8  hours 
with  passage  of  ammonia.  After  boiling  had  ended,  not  even  the  slightest  trace  of  indole  came  over  on  steam 
distillation.  Acidification  of  the  solution  in  the  distillation  flask  led  to  the  isolation  of  4,6  g  original  acid. 

e)  5.1  g  N-indolyl -0 -propionitrile  (IX)  was  boiled  in  25  ml  of  50%  aqueous  potassium  hydroxide  so¬ 
lution  for  8  hours  with  passage  of  ammonia.  Steam  distillation  of  the  solution  brought  0.5  g  indole  over.  Acid¬ 
ification  of  the  solution  in  the  distillation  flask  gave  4  g  N-indolyl -0 -propionic  acid  (X). 
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SUMMARY 


1.  Methods  are  given  for  synthesis  of  N-indolyl -6 -propionic  acid  and  its  nitrile  (as  well  as  of  a  series 
of  analogs)  in  high  yields,  starting  from  Indole  compounds  and  acrylonitrile. 

2.  It  was  found  that  die  6-cyanoethyl  (and  correspondingly  the  0 -carboxyethyl)  grbup  can  be  split  off 
if  it  is  in  the  1-position  in  indole,  while  it  is  stable  if  in  the  3-position. 

3.  It  was  found  that  ethylene  cyanohydrin,  6 -ethoxypropionitrile  and  0-dimethylaminopropionitrile 
in  an  alkaline  medium  react  with  indole  similarly  to  acrylonitrile. 
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CONCERNING  THE  REACTION  OF  KETENE  WITH  NI  TROG  EN  -  CON  T  AI  NI  NG  BASES 


I.  ACETYLATION  OF  UREA  DERIVATIVES  WITH  KETENE 
Yu.  V.  Svetkin  and  Yu.  N.  Forostyan 


Direct  acetylation  of  alcohols  and  amines  by  ketene  has  a  number  of  advantages  over  other  methods, 
mainly  because  the  reaction  goes  under  mild  conditions. 

The  problem  of  the  acetylation  of  alcohols  by  ketene  has  been  admirably  discussed  in  the  review  of 
A.  Ya.  Yakubovich  [1]  and  in  papers  by  A.  A.  Ponomarev  and  Yu.  B.  Isaev  [2].  Concerning  the  reactions  of 
ketene  with  the  primary  amino  group,  there  is  also  an  extensive  literature  [3].  Concerning  secondary  amines. 
Rice  [4]  reports  that  under  appropriate  conditions  any  compound  containing  the^NH  group  can  be  acetylated 
by  ketene. 

In  our  laboratory,  experiments  were  carried  out  on  the  acetylation  of  urea  derivatives  by  ketene. 

All  the  experiments  described  below  were  performed  at  normal  pressure  and  18-20".  Solvents  were 
benzene,  toluene,  carbon  tetrachloride  and  dioxane;  these  substantially  do  not  react  with  ketene.  Urea  de¬ 
rivatives  have  very  poor  solubility  in  these  solvents,  and  the  reactions  were  actually  effected  with  the  substances 
in  suspension.  Thiourea,  iiitroiirca  nndrronophenylurea  were  acetylated.  On  the  basis  of  general  theoretical  con¬ 
siderations  and  the  work  of  Ponomarev  and  Isaev,  we  should  expect  the  formation  of  the  following  products: 

^NhCoCP,  .NHCOCH3  /NHCOCH3 


However,  direct  reaction  of  ketene  with  the  crystalline  ureas  in  anhydrous  solvents  did  not  lead  to 
acetates.  Only  on  adding  traces  of  water  or  acetic  acid  to  the  mixtures  mentioned  above  does  the  reaction 
proceed  energetically.  Monoacetates  of  thiourea  and  nitrourea  are  formed  in  yields  of  90-96^70,  the  actual 
yield  varying  with  the  solvent.  In  spite  of  numerous  attempts,  the  acetate  of  monophenylurea  could  not  be 
obtained. 

The  high  yields  of  monoacetylthiourea  and  monoacetylnitrourea  obtained  by  addition  of  water  or 
acetic  acid  may  be  attributed  to  a  chain  reaction. 

The  process  evidently  goes  through  the  step  of  formation  from  ketene  of  acetic  acid;  the  latter  and 
ketene  form  acetic  anhydride  which  acetylates  the  nitrourea  with  evolution  of  acetic  acid;  the  latter  reacts 
further  with  ketene. 


EXPERIMENTAL 

Acetylation  of  thiourea.  Ketene  was  prepared  by  the  method  of  Ponomarev  and  Isaev  [5]  with  a  con¬ 
stant  rate  of  acetone  feed  of  50  ml  per  hour  at  740".  In  a  three-necked  flask  with  a  mechanical  stirrer  5  g 
thiourea (m.p.  lC2")was  put,  triturated  in  30  ml  toluene  with  addition  of  0.1  ml  water*  or  0,1  ml  acetic  acid, 
Ketene  was  then  passed  through  the  flask  for  3  hours. 

The  temperature  of  the  reaction  mixture  began  to  rise  soon  after  the  ketene  was  introduced  (maximum 
temperature  42").  A  drop  of  temperature  marked  the  conclusion  of  the  reaction.  There  was  isolated  12  g  cry¬ 
stals  with  m.p.  164—165"  (from  1:1  acetic  acid),  in  agreement  with  the  literature  [6], 

Acetylation  of  nitrourea.  5.5  g  nitrourea  (m.p.  158.5")  was  acetylated  under  similar  conditions. 

•  Acetylation  did  not  go  in  dry  toluene,  benzene,  dioxane  or  carbon  tetrachloride. 


Ketene  was  passed  through  for  2  hours.  The  product  (7.5  g)  was  recrystallized  from  acetone  and  had  m.p. 
115-116*  (with  decomp.). 

Found  C  24.45,  24.32;  H  3.17,  3.24;  N  28.21,  28.18.  C5H5O4NS.  Calc.  <7o:  C  24.49;  H  3.42; 

N  28.57. 

Acetylation  of  monophenylurea.  5.6  g  monophenylurea  (m.p.  147*)  was  acetylated.  The  process 
was  carried  out  not  only  under  the  conditions  described  above  but  also  in  aqueous  solution,  in  a  mixture  of 
acetone  and  water,  with  complete  solution  of  the  phenylurea,  as  well  as  in  presence  of  sodium  acetate  at  room 
temperature  and  with  heating  to  80°.  Examination  of  the  reaction  products  revealed  that  acetylation  had  not 
taken  place.  Acetylation  of  monophenylurea  likewise  does  not  go  in  the  fused  state. 


SUMMARY 

1.  Monoacetylthiourea  is  obtained  by  acetylation  of  thiourea  in  toluene  with  addition  of  0.1  ml 
water  or  acetic  acid. 

2.  Reaction  of  nitrourea  with  ketene  under  these  conditions  gives  monoacetylnitrourea. 

3.  Monophenylurea  does  not  react  with  ketene  under  similar  conditions. 
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SYNTHESIS  OF  BRANCHED  TRI ACETYLENIC  HYDROCARBONS 


PREPARATION  OF  2,2,5,5,8,8.11,ll-OCTAMETHYL-DODECATRIYNE-3,6,9, 
A.  I.  Zakharova,  G.  D.  Ilyina  and  G.  M.  Murashov 


The  literature  on  the  synthesis  of  triacetylenes  is  very  scanty.  Up  to  the  present  only  9  representa¬ 
tives  of  triaceylenic  hydrocarbons  have  been  described,  and  all  of  them  have  triple  bonds  in  the  conjugated 
position.  Thus,  among  the  by-products  of  electrolytic  synthesis  of  acetylene  was  detected  an  unsubstituted 
triacetylene  (hexatriyne- 1,3,5)  [1].  This  hydrocarbon  was  also  obtained  by  special  synthesis  through  several 
steps,  starting  from  acetylene  and  formaldehyde  [2].  Three  representatives  of  monosubstituted  triacetylenes 
are  known:  methyltriacetylene  (heptatriyne- 1,3,5),  obtained  by  the  reaction  of  the  corresponding  diacetyl- 
enic  dichloride  with  sodium  amide  in  liquid  ammonia  followed  by  alkylation  with  methyl  iodide  [2];  tert- 
butyltriacetylene  (2,2-dimethyloctatriyne  -3,5,7),  formed  as  intermediate  product  in  the  synthesis  of  di-tert- 
butylhexacetylene  [3];  and  phenyltriacetylene,  obtained  for  the  first  time  by  reaction  between  monoiodo- 
acetylene  and  phenylacetylene  magnesium  bromide  [4];  the  same  hydrocarbon  was  later  synthesized  by  an¬ 
other  route:  a -bromocinnamaldehyde  was  condensed  with  propargyl  alcohol  (2-propyn-l-ol)  to  the  glycol 
which  was  readily  transformed  into  the  dichloride  from  which  the  triacetylene  was  obtained  by  dehydrohalo- 
genaticn  [5]. 

The  following  symmetrically  substituted  triacetylenes  are  known:  dimethyltriacetylene  (octatriyne- 
-2,4,6)  and  diethyltriacetylene  (decatriyne-3,5,7),  obtained  by  the  action  of  sodium  amide  on  the  correspond¬ 
ing  dichlorides  [6];  ditert-butyltriacetylene  [3],  dicyclohexenyltriacetylene  [6]  and  diphenyltriacetylene  [6-8]. 


In  the  preceding  paper  [9]  we  described  a  new  method  of  preparation  of  branched  diacetylenic  hy¬ 
drocarbons  with  a  0 -position  of  the  triple  bonds  by  propargylation  of  alkynes-1  magnesium  bromides  with 
tertiary  acetylenic  chlorides  of  the  type  of  RiCCl-CsC— R  in  presence  of  HgCl2  and  Ci^Cl^.  The  objective  of 
the  present  work  was  to  propargylate  alkynes-1  magnesium  bromides  with  ditertiary  acetylenic  dichlorides  of 
the  type  of  RjCCl— CsC-CClRj.  The  realization  of  this  reaction  opens  a  route  to  the  synthesis  of  previously 
undescribed  6-triynes  of  the  type  of 


I  I 

R-CsC-C-C=C-C-C^C-R. 


The  utilization  of  the  above-mentioned  dichlorides  in  organomagnesium  synthesis  has  been  reported 
in  a  number  of  cases  in  the  literature.  Thus,  an  unsuccessful  attempt  to  synthesize  an  alkyne  of  branched  struc 
ture  by  reaction  of  methyl  magnesium  bromide  with  2,5-dichloro-2,5-dimethylhexyne-3  has  been  described; 
instead  of  the  expected  ditert-butylacetylene,  however,  the  sole  reaction  product  was  a  solid  polymer  [10].  A 
repetition  of  this  reaction  by  other  workers  likewise  gave  negative  results  [11]. 


A.  D.  Petrov  and  L.  N.  Lavrishcheva  showed  that  the  synthesis  of  acetylenic  hydrocarbons  by  such  a 
route  can  be  realized  if  acetylenic  dichlorides  with  heavier  radicals  are  used.  Thus  the  authors  reacted  ethyl 
magnesium  bromide  with  the  dichloride  corresponding  to  sym.  dimethyl -ditert-butylbutynediol  and  obtained 
a  monoacetylenic  hydrocarbon  with  four  quaternary  carbon  atoms  [12]. 


The  starting  substances  in  the  present  work  were  tert-butylacetylene  magnesium  bromide  and  2,5- 
-dichloro-2,5-dimethylhexyne-3  (I),  prepared  by  the  action  of  concentrated  hydrochloric  acid  on  tetramethyl 
butynediol  [13].  The  catalysts  used  were  HgCl^  and  Cu^C]^. 

The  reaction  gave  a  yield  (calculated  on  the  dichloride  taken)  of  a  product  with  m.p.  46—47®, 
the  elementary  analysis  and  molecular  weight  determination  of  which  pointed  to  the  formula  C20H30.  Raman 
spectrographic  examination  revealed  the  presence  of  a  triple  bond  (2229  cm~^). 

The  structure  of  the  hydrocarbon  was  verified  by  ozonization.  Decomposition  of  the  products  of 
ozonolysis  gave  trimethylacetic  and  dimethylmalonic  acids,  thus  enabling  us  to  attribute  to  the  hydrocarbon 
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the  structure  of  2,2,5,5,8,8,ll,ll-octamethyl-dodecatriyne-3,6,9  (II).  The  synthesized  hydrocarbon  is  the 
first  representative  of  the  highly  branched  triacetylenes  with  four  quaternary  carbon  atoms  and  with  a  B  -po¬ 
sition  of  the  three  triple  bonds.  Like  all  branched  acetylenic  hydrocarbons  it  is  very  stable  to  oxidizing  agents. 
After  heating  at  the  boil  with  alkali  solution  of  KMn04  for  48  hours,  the  hydrocarbon  was  recovered  unchanged. 
An  attempt  to  accomplish  the  oxidation  in  acetone  was  also  unsuccessful.  Hydrogenation  of  the  hydrocarbon 
in  presence  of  PdClf  on  CaCOs  caused  addition  of  6  molecules  of  hydrocarbon  and  a  hydrocarbon  was 

obtained.  Which,  on  the  basis  of  the  well-authenticated  structure  of  the  original  triyne  (II),  must  be  assigned 
the  structure  of  2, 2, 5,5, 8, 8, 11,11-octamethyldodecane  (III). 


CHj  cfrtj  ,  C^Hi  6kj  . 


EXPERIMENTAL 

Preparation  of  2.2,5,5,8,8,ll,ll-octamethyl-dodecatriyne-3,6,9  (II).  To  the  Grignard  reagent,  pre¬ 
pared  in  the  usual  fashion  from  25  g  Mg  and  119  g  ethyl  bromide  in  650  ml  ether,  was  added  82  g  tert-butyl- 
acetylene  in  100  ml  ether  in  the  course  of  7  hours  with  continuous  stirring  and  cooling.  After  standing  36 
hours,  the  mixture  was  heated  on  a  water  bath  until  ethane  ceased  to  come  off,  after  which  it  was  cooled  to 
room  temperature.  To  the  complex  tert-butylacetylene  magnesium  bromide  was  added  a  mixture  of  2  g 
CU|Cl2  and  1  g  HgClj  as  catalyst,  and  with  cooling  the  dichloride  (I)  was  added  in  the  amount  of  90  g  diluted 
with  300  ml  ether.This mixture  was  let  stand  for  36  hours;  it  was  then  heated  with  stirring  on  a  water  bath  for  4 
hours  and  decomposed,  while  cooling,  with  dilute  hydrochloric  acid.  The  collected  ethereal  solution,  together 
with  the  ether  extracts,  was  dried  with  calcined  sodium  sulfate,  and  the  ether  was  driven  off.  Vacuum  distil¬ 
lation  of  the  reaction  products  gave  two  fractions:  up  to  82“  at  14  mm  the  unreacted  dichloride  (I)  came  over; 
between  82  and  104“  at  14  mm  a  fraction  was  obtained  that  crystallized  for  the  most  part  in  the  condenser. 

The  second  fraction  was  redistilled  at  0.064  mm  and  gave  a  substance  with  b.p.  62-64“,  It  crystallized  com¬ 
pletely. 

M.p.  4r,  cl|®  0.7715,  np  1.4295,  np-n^ 0.094;  21.9,  MRp  90.47.  CjoHjofs.  Calc.  88.37. 

Found  C  88.01,  88.00;*  H  11.09,  11.31.  M  271.10,  265.18,  CjoHso-  Calc,%:  C  88.82;  H  11.18. 

M  270.46. 

The  Raman  spectrum  of  the  hydrocarbon  (II)  was  obtained  with  a  glass  spectrograph  with  a  system  of 
three  ISP-51  constant-deviation  prisms  (exciting  line  Hg  22938  cm“^),  glass  filter,  width  of  slit  0.003  mm, 
exposure  6  hours.  The  procedure  for  plotting  the  Raman  spectra  of  substances  in  the  fused  state  was  described 
in  the  preceding  paper  [9].  The  intensity  of  the  lines  was  evaluated  visually,  using  a  5-step  scale, 

233  (1),  616  (2),  1028  (1),  1112  (1).  1210  (3),  1345  (1),  1447  (3),  2176  (1),  2206  (2),  2229  (5).  2275  (3). 

Ozonization  of  hydrocarbon  (II).  5  g  hydrocarbon  was  ozonized  in  a  solution  of  50  ml  purified  chloro¬ 
form  until  ozone  ceased  to  be  absorbed.  The  solvent  was  taken  off  in  vacuum ;  the  ozonide  was  decomposed 
with  water,  first  at  the  ordinary  temperature  and  then  with  heating  on  a  water  bath.  The  solution  of  the  products 
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•  Considerable  difficulties  were  encountered  in  the  elementary  determination  of  carbon  and  hydrogen  due  to 
the  high  volatility  of  the  compound. 
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of  ozonization,  with  an  acidic  reaction,  were  treated  with  powdered  chalk.  Only  traces  of  neutral  substances 
were  found  when  the  products  of  ozonolysis  were  distilled  with  steam.  The  solution  was  then  acidified  with 
sulfuric  acid.  Distillation  of  the  volatile  acids  from  the  acidic  products  gave  trimethylacetic  acid  (light 
feathery  crystals  with  m.p.  34-35”);  also  several  aqueous  fractions  were  collected  of  5  ml  each,  heating  of 
which  with  freshly  prepared  silver  carbonate  gave  silver  salts  corresponding  to  trimethylacetic  acid. 

Found  <7o:  Ag  51.60,  51.80.  CgHjO^Ag.  Calc.  <7o:  Ag  51.62. 

The  residue  after  distillation  of  the  volatile  acids  was  extracted  with  ether.  Crystals  of  dimethyl- 
malonic  acid  with  m.p.  187”  came  down  for  the  ethereal  solution. 

Found:  equiv.  67.3,  67.4.  M  134^6,  13^.8,  C5HJO4.  Calculated:  equiv.  66.05.  M  132.11. 

The  silver  salt  of  dime±ylmalonic  acid  was  also  prepared. 

Found  Ag  62.09.  C5H504Ag2.  Calc.  <70:  Ag  62.38. 

Oxidation  of  hydrocarbon  (II).  1)  3  g  hydrocarbon  and  0.35  g  potassium  hydroxide  in  75  ml  water 
were  placed  in  a  round- bottomed  flask  with  a  reflux  condenser.  KMn04  was  added  in  small  portions  at  the 
boil.  Oxidation  was  not  observed  in  spite  of  prolonged  boiling.  The  hydrocarbon  was  recovered  unchanged. 

2)  An  attempt  to  oxidize  the  compound  in  acetone  in  the  cold  was  also  unsuccessful;  on  boiling,  the  acetone 
was  oxidized  while  the  compound  was  unchanged. 

Hydrogenation  of  hydrocarbon  (II).  2  g  catalyst,  prepared  by  the  method  of  Busch  [14]  (PdCl2  on 
CaC03)  in  60  ml  ethyl  alcohol,  was  saturated  with  hydrogen,  and  2  g  hydrocarbon  (II)  was  introduced.  Addi¬ 
tion  of  hydrogen  during  the  first  8  minutes  went  very  energetically  and  490  ml  was  taken  up;  the  speed  then 
fell  off  and  a  further  496  ml  hydrogen  was  absorbed  in  the  course  of  4  hours,  making  986  ml  in  all  (the  theo¬ 
retical  amount  for  three  triple  bonds  is  994  ml).  After  driving  off  the  solvent,  the  product  of  hydrogenation 
was  recrystallized  from  methanol;  m.p.  37-38*  and  with  analysis  corresponding  to  the  saturated  hydrocarbon 
(III). 

Found  <7o:  C  85.20;  H  14.10.  M  280.1.  CjoH^.  Calc.  %:  C  85.38;  H  14.62.  M  282.6. 

SUMMARY 

1.  A  method  is  proposed  for  the  preparation  of  previously  undescribed  uiacetylenic  hydrocarbons 
with  a  6 -position  of  the  triple  bonds  by  propargylation  of  alkynes-1  magnesium  bromides  with  tertiary  acetyl¬ 
enic  dichlorides  of  the  type  of  RjCCl-C=  C-CCIR2. 

2.  Reaction  of  tert-butylacetylene  magnesium  bromide  with  2,5-dichloro-2,5-dimethylhexyne-3 
(I)  gave  the  first  representative  of  completely  methylated  6 -triacetylenic  hydrocarbons  with  four  quaternary 
carbon  atoms:  2,2,5,5,8,8,11, ll-octamethyl-dodecatriyne-3, 6, 9  (II).  The  structure  of  the  hydrocarbon  was 
confirmed  by  preparation  by  ozonization  of  trimethylacetic  and  dimethylmalonic  acids. 

3.  Exhaustive  hydrogenation  of  hydrocarbon  (II)  on  palladium  catalyst  (PdClj  on  CaCOs)  gave 
2,2,5,5,8,8,11,11-octamethyldodecane  (III). 
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SYNTHESIS  OF  N^-SULF  ANIL  AMIDE  DERIVATIVES  OF  THE  LYSINE  SERIES 
Yuan  Chen-e  and  M.  N.  Shchukina 


Trefouel,  Nitti  and  Bovet[l]  reached  the  conclusion,  on  the  basis  of  their  investigations,  that  the 
chemotherapeutic  activity  of  sulfanilamide  compounds  is  closely  associated  with  the  presence  of  a  free  amino 
group  and  that  sulfanilamide  preparations  with  a  blocked  amino  group  (N^- substituted  derivatives)  manifest 
a  very’ low  therapeutic  action  in  comparison  with  white  streptocide.  This  opinion  is  not  supported  by  the  facts: 
the  investigated  N^- substituted  sulfanilamide  compounds  include  a  series  of  active  preparations.  Thus,  for  ex¬ 
ample,  Septasin  (N^-benzylsulfanilamide)  has  found  practical  application;  the  activity  of  p-sulfamidophenyl- 
glycine  (sulfanilamide  22)  is  1-y  times  higher  than  that  of  white  streptocide  [2]. 

a 

In  view  of  the  physiological  importance  of  the  essential  amino  acids,  we  prepared  a  number  of  N  - 
-sulfanilamide  derivatives  of  the  lysine  series  [3].  Taking  into  account  the  high  activity  of  p-sulfamidophenyl- 
glycine,  we  have  also  realized  in  the  present  work  the  synthesis  of  N^-sulfanilyl-derivatives  of  d,l-lysine  sub¬ 
stituted  at  the  a -and  e  -  amino  groups  and  of  a,  e  -disubstituted  lysines. 

The  synthesis  was  effected  according  to  the  scheme  shown.  • 

The  starting  substance  for  synthesis  of  a-p-sulfamidophenyllysine  (ct-N^-sulfanilamido-e -amino- 
caproic  acid)  was  a-bromo-  e  -benzoylaminocaproic  acid,  which  was  derived  from  cyclohexanone  by  Beck¬ 
mann  rearrangement  of  its  oxime  to  caprolactam;  the  latter  was  hydrolyzed  (without  separation)  to  €-amino- 
caproic  acid.  Bromination  of  the  benzyl  derivative  of  this  amino  acid  followed  by  esterification  gave  the 
ethyl  ester  of  a -bromo-e -benzoylaminocaproic  acid.  Alkaline  hydrolysis  of  the  product  of  condensation  of 
the  ester  of  the  bromo-acid  with  sulfanilamide  leads  to  formation  of  ct-N^-sulfanilamido-e -aminocaproic 
acid. 

For  preparation  of  e  -N*-sulfanilamido-tx-aminocaproic  acid  (e  -p-sulfamidophenylglycine)  and  a.e  -di- 
p-sulfamidophenylglycine,  e -bromocaprdic  acid  was  obtained  ftojn  cyclohexanone  by  oxidation  with  H2C^  to 
c -hydroxycaproic  acid  and  substitution  of  hydroxyl  by  Br  via  HBr.  After  oxidation  of  the  cyclohexa¬ 
none,  the  e  -hydroxycaproic  acid  is  isolated  in  the  form  of  a  mixture  with  its  lactone.  Unsuccessful  attempts 
to  separate  these  two  compounds  have  been  reported  in  the  literature  [4,5];  during  distillation  the  hydroxy  acid 
is  partly  lactonized  and  partly  transformed  into  an  unsaturated  acid.  Distillation  of  the  ethyl  ester  e  -hydroxy¬ 
caproic  acid  leads,  as  shown  by  Robinson  and  Smith  [6]  and  by  our  experiments,  to  esterification  of  the  hydroxy 
group  of  one  molecule  by  the  carboxyl  group  of  another.  We  successfully  avoided  these  side  reactions  by  treat¬ 
ing  the  crude  hydroxy  acid  with  48*70  hydrobromic  acid  in  presence  of  sulfuric  acid  and  a  small  quantity  of  hy¬ 
drogen  peroxide.  In  the  absence  of  peroxide  a  low-boiling  mixture  of  c  -and  6  -brominated  acids  was  obtained. 
Since  e  -bromocaproic  acid  decomposes  on  distillation  with  loss  of  hydrogen  chloride,  we  purified  it  by  distilla¬ 
tion  of  its  ethyl  ester  in  vacuum.  The  conditions  worked  out  for  performance  of  the  reaction  enable  the  ethyl 
ester  of  €  -bromocaproic  acid  to  be  obtained  in  a  yield  of  40-42*70  reckoned  on  the  original  cyclohexanone 
(yields  of  19-28*7oof  the  free  acid  are  reported  in  the  literature)  [5,  7].  Condensation  of  the  ester  of  the  bromo 
acid  with  sulfanilamide  gave  the  ethyl  ester  of  e  -sulfanilamido-caproic  acid  which,  after  saponification,  was 
brominated  in  a  medium  of  phosphorus  trichloride.  Gabriel’s  method  was  utilized  for  transformation  of  the  pre¬ 
pared  ct -bromo  acid  into  a -amino- e  -N^-sulfanilamidocaproic  acid. 

Bromination  of  e  -bromocaproic  acid  gave  the  «,  e  -dibromo  acid  from  which, by  condensation  of  its 
ester  with  excess  sulfanilamide  in  presence  of  catalyst, was  obtained  «,  c  -di-p-sulfamidophenyllysine. 

Several  authors  have  found  [8]  that  depending  upon  the  reaction  conditions,  sulfamilamide  can  react 
with  halo  derivatives  either  at  the  amino  or  the  amido  group.  We  showed  that  in  presence  of  pyridine  and 
potassium  iodide  the  condensation  takes  place  at  the  amino  group  and  proceeds  with  a  considerably  higher  yield 
than  without  a  catalyst.  Condensation  of  sulfanilamide  with  the  ester  of  a.  6  dibromocaproic  acid  demands  more 
drastic  conditions  with  use  of  a  copper  salt  as  catalyst. 


See  following  page. 
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EXPERIMENTAL 


€  -Benzoylaminocaproicacid.  The  oxime  was  pre¬ 
pared  trom  cyclohexanone  by  the  method  of  Eck 
and  Marvel  [9],  Rearrangement  of  the  oxime  was 
effected  in  small  portions  in  view  of  the  violet  re¬ 
action.  The  caprolactam  formed  was  not  isolated 
but  was  directly  subjected  to  hydrolysis.  After 
Schotten-Baumann  benzoylation,  e  -benzoylamino- 
caproic  acid  was  separated  in  the  form  of  a  white 
crystalline  substance  melting  at  78-80*.  Yield 

reckoned  on  the  oxime. 

Ethyl  ester  of  c -benzoylamlno-g-bromocaproic 
acid,  c  -Benzoylaminocaproic  acid  was  brominated 
by  the  literature  method  [10].  The  resultant  bromo 
acid  (93*55)  yield)  (20  g,  m.p.  162.5—165")  was  esteri- 
,  fied  in  the  usual  manner  in  presence  of  sulfuric  acid. 
The  resultant  transparent  oil  crystallized  in  the  course 
of  a  day  when  cooled  to  —10*.  Yield  17.3  g  (80*55)). 
After  recrystallization  from  8  times  the  volume  of 
ligroine,  ethyl —benzoylamido-a-bromocaproate  was 
obtained  with  m.p.  56-57*. 

Found  *55):  N  4.10;  Br  23.38.  CigH^oOsNBrCalc.  *55): 
N  4.09;  Br  23.39. 

a"  N^  -sulfanilamido-€  -aminocaproic  acid.  A 
mixture  of  6.84  g  ethyla-bromo-  e  -benzoylamino- 
caproate,  6.88  g  sulfanilamide  and  0.3  g  potassium 
iodide  in  40  ml  anhydrous  alcohol  was  heated  in  a 
sealed  glass  tube  at  140  —  160*  for  14  hours.  After 
cooling,  2.9  g  unreacted  sulfanilamide  was  recovered. 
The  alcoholic  solution  was  evaporated  to  dryness  and 
the  residual  oil  washed  with  10*55)  hydrochloric  acid 
(twice  with  15  ml  lots  of  acid)  and  water.  The  oil 
(non-crystallizing  when  intensely  cooled)  did  not  give 
a  positive  test  for  halogen;  it  was  saponified  by  heat¬ 
ing  with  60  ml  10*55)  KOH  at  85-90*  for  5  hours.  Acid¬ 
ification  with  hydrochloric  acid  (to  congo)  gave  1.9  g 
benzoic  acid.  The  filtrate  was  extracted  with  ether 
and  the  aqueous  layer  evaporated  to  dryness.  The 
residue  was  extracted  with  2*7o  hydrochloric  acid. 

After  neutralization  of  the  acid  solution  with  ammonia 
(litmus  test),  a-N^-sulfanilamido-e -aminocaproic 
acid  was  isolated;  after  recrystallization  from  water 
(1:5)  it  melted  at  200-201*.  Yield  4.32  g  (72«i5)).  For 
analysis  it  was  recrystallized  twice  from  water.  Color¬ 
less  needles  with  m.p.  202*,  soluble  in  water  and  al¬ 
cohol,  almost  insoluble  in  other*  common  organic  sol- 


Found<7o:  N  13.83;  S  10.71.  CijHi,04NsS.  Calc.  °Jo-. 
N  14.00;  S  10.63. 

Ethyl  e  -bromocaproate.  To  110  ml  20*55)  NaOH  was 
added  at  50  +  5*  simultaneously  from  two  separating 
funnels  50  g  cyclohexanone  (b.p.  153-156*)  and  185  ml 


hydrogen  peroxide  (26*70)  with  stirring  in  the  course  of  45  minutes.  Oxidation  takes  place  exothermically  with 
evolution  of  hydrogen;  the  reaction  temperature  was  controlled  by  cooling  with  cold  water.  After  addition  of 
the  reactants,  stirring  was  continued  for  a  further  l-j  hours  at  room  temperature.  The  reaction  mass  was  twice 
extracted  with  ether  (40  ml  each  time)  for  removal  of  unreacted  cyclohexanone,  after  which  the  aqueous  al¬ 
kaline  solution  was  acidified  with  concenuated  hydrochloric  acid  to  Congo  (50  ml).  Addition  of  ammonium 
sulfate  to  the  acid  solution  brought  down  the  hydroxy  acid  in  the  form  of  an  oily  layer.  The  aqueous  layer 
was  extracted  with  ether  (twice  with  50  ml  each  time)  and  the  ether  extract  was  combined  with  the  oily  sub¬ 
stance  and,  after  cooling,  treated  with  sodium  sulfate.  The  ether  extract,  freed  in  this  manner  form  peroxides 
(starch- iodide  test),  was  dried  over  sodium  sulfate  and  evaporated  to  dryness;  the  syrupy  residue  (45-50  g)  was 
soluble  in  bicarbonate  solution.  It  was  dissolved  in  140  ml  48*7o  hydrobromic  acid  and  gradual  addition  was 
made,  with  stirring,  of  35  ml  concentrated  sulfuric  acid  and  5  ml  26%  hydrogen  peroxide.  The  orange  solution 
was  stirred  at  first  at  room  temperature  (2  hours)  and  then  on  a  boiling  water  bath  for  5  hours.  The  acidic  sol¬ 
ution  (separated  from  the  resin  formed)  was  diluted  with  500  ml  water  and  250  g  ammonium  sulfate  was  added. 

The  solution  was  extracted  with  ether.  The  ether  extract  was  dried  with  sodium  sulfate  and  evaporated  to  leave 
a  residue  of  dark-red  oil  which  was  converted  to  the  ethyl  ester  in  the  usual  manner  in  presence  of  sulfuric  acid. 
The  ethyl  e  -bromocaproate  was  fractionall^sdistilled  in  vacuum.  The  100-105*  (1.2  mm)  fraction  was  collect¬ 
ed.  Yield  48  g  (42%,  reckoned  on  the  cyclohe^lanone). 

Found  %:  Br  35.26,  35.38.  CgHisO^Br.  Calc.  7o:  Br  35.87. 

Considerable  decomposition  with  loss  of  hydrogen  bromide  was  observed  during  distillation  of  the  free 
€  -bromo  acid.  The  145—170°  (0.8  mm)  fraction  crystallized  when  cooled  with  freezing  mixture.  After  recry¬ 
stallization  from  ligroine  the  acid  had  m.p.  33-34*,  in  agreement  with  the  literature  data  [7]  for  e  -bromo- 
caproic  acid.  The  acid  can  be  recrystallized  from  10%  hydrochloric  acid. 

Ethyl  ester  of  e  -N*-sulfanilamidocaproic  acid.  A  mixture  of  5.58  g  ethyl  e  -bromocaproate,  4.3  g 
sulfanilamide,  1  g  potassium  iodide  and  2.2  g  pyridine  in  30  ml  anhydrous  alcohol  was  heated  21  hours  on  a 
water  bath  at  the  boiling  point  of  the  alcohol.  The  solution  was  then  evaporated  to  dryness  and  the  residue 
washed  successively  with  25  ml  water,  20  ml  ether,  10  ml  S%sodiumcarbonate,  and  again  with  water.  The 
solid  substance  was  twice  recrystallized  from  50%  alcohol.  The  ethyl  ester  of  e  -N^-sulfanilamido-caproic 
acid  is  a  white  crystalline  powder  with  m.p.  95  —  96*,  insoluble  in  water  and  ether,  readily  soluble  in  hot  al¬ 
cohol  and  poorly  soluble  in  cold  alcohol.  Yield  4.7  g  (60%). 

Under  the  same  conditions  but  without  potassium  iodide  the  yield  was  only  25-30%, 

Found  %:  C  53.45;  H  6.99;  N  8.85,  8.73.  Ci4Hi204l^S.  Calc.  %:  C  53.50;  H  7.01;  N  8.91. 

€ -N^-Sulfanilamido-caproic  acid.  A  mixture  of  2.1  g  ethyl  ester  of  €  -N^-sulfanilamido-caproic  acid 
and  9  ml  10%  potassium  hydroxide  was  heated  at  the  boil  for  3  hours.  The  hot  solution  was  treated  with  carbon 
and  the  filtrate  acidified  with  20%  hydrochloric  acid  (to  Congo).  An  oil  separated  which  crystallized  when  rub¬ 
bed.  Recrystallization  from  water  (50  ml)  gave  1.55  g  (81%)  6 -N^-sulfanilamido-caproic  acid.  Lustrous  cry¬ 
stals  with  m.p,  126-126.5*,  insoluble  in  benzene  and  chloroform,  poorly  soluble  in  cold  water,  readily  soluble 
in  caustic  alkalies.  Like  N^-sulfanilamido-acetic  acid  (sulfoglycine),  this  compound  gives  a  diazo- coupling 
reaction  with  0-naphthol. 

Found  %:  N  9,62;  S  11.42,  10.92.  Ci2Hi804N2S.  Calc,  %:  N  9.79;  S  11.19. 

g-Bromo-e  -N*-sulfanilamido-caproic  acid.  To  a  suspension  of  3,65  g  e -N^-sulfanilamidocaproic  acid 
in  75  ml  phosphorus  trichloride  with  intensive  stirring  was  added  8  g  (2.2  ml)  bromine  dried  over  sulfuric  acid. 

The  mixture  was  boiled  on  a  water  bath  for  10  hours;  the  excess  phosphorus  trichloride  was  then  distilled  off  and 
the  residue  decomposed  with  iced  water  (150  ml).  The  dark-brown  precipitate  was  washed  with  water,  dried  in 
a  vacuum -disiccator  and  dissolved  in  alcohol.  The  alcoholic  solution  was  treated  with  carbon,  filtered  and  run 
into  water  to  give  a  white  precipitate  of  e -N^-sulfanilamido-g-bromocaproic  acid,  m.p,  150—152*  (from  50% 
alcohol).  Yield  3.45  g  (74%). 

Found  %:  N  7,70,  7.59;  Br  21.73.  Ci2Hi204N2SBr.  Calc.  %:  N  7.67;  Br  21.92. 

g  -  Amino-N^-sulfanilamidocaproic  acid.  The  prepared  g- bromo-  e -N^-sulfanilamido-n-caproic  acid 
was  converted  into  the  ester  in  827^  yield  by  the  usual  method.  A  mixture  of  3.5  g  of  the  ethyl  ester  of  g-bromo- 
-€  -N^-sulfanilamidocaproic  acid  and  1,65  g  potassium  phthalimide  was  heated  at  140—150*  on  an  oil  bath  for 
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30  minutes.  The  reaction  mixture  was  then  run  into  a  dish  and,  after  cooling,  was  dissolved  in  boiling  50% 
alcohol.  There  was  obtained  3.7  g  of  the  ester  ofa-phthalimido-e  -N*-sulfanilamido-n-caproic  acid  which 
was  saponified  by  boiling  with  9  ml  10%  KOH  (1:2).  After  cooling,  the  solution  was  treated  with  concentrated 
hydrochloric  acid  until  the  alkaline  reaction  (to  phenolphthalein)  had  disappeared.  The  separated  ot-phthal- 
imido-€  -N^-sulfanilamido-n-caproic  acid  was  refluxed  with  10  ml  20%  HCl  while  stirring.  After  2  hours 
boiling.phthalicacid  (1.1  g)  separated  from  the  solution.  The  acid  solution  was  evaporated  to  dryness  in  vacu¬ 
um;  the  solid  residue  was  washed  with  anhydrous  alcohol  (twice  with  5  ml  each  time)  and  then  dissolved  in 
water.  Addition  of  sodium  acetate  to  the  saturated  aqueous  solution  of  the  hydrochloride  of  a-^niino-c  -N^- 
-sulfanilamido-caproic  acid  until  the  acid  reaction  (to  congo)  had  disappeared  led  to  separation  of  a  crystal¬ 
line  substance  which  after  two  recrystallizations  from  50%  alcohol  melted  at  186-187°.  Yield  1.3  g  (51%, 
reckoned  on  the  original  a -bromo-e  -N^-sulfanilamido-caproic  acid).  The  prepared  €  -N^-p-sulfamidophyl- 
-d,  1-lysine  is  poorly  soluble  in  water,  readily  soluble  in  alcohol  and  inorganic  acids  and  caustic  alkalies.  It 
gives  a  blue  coloration  with  sodium  niaoprusside. 

Found  %:  N  13.82;  S  10.61.  Ci,Hi,04NsS.  Calc.  %;  N  14,00;  S  10.63. 

Ethyl  g,  e  -dibromocaproate.  To  a  solution  of  6.3  g  e  -bromocaproic  acid  (m.p.  35°)  in  10  ml  phos¬ 
phorus  trichloride  was  added  dropwise  7.5  g  (2.5  ml)  dry  bromine,  and  the  reaction  mass  was  stirred  for  30 
minutes  at  room  temperature,  after  which  it  was  refluxed  on  a  water  bath  for  7  hours  (5  hours  at  70-80°  and 
2  hours  at  95-98°).  The  mass  thickened  on  cooling  and  the  following  day  it  was  run  into  150  ml  alcohol.  The 
oily  product  obtained  by  evaporation  of  the  alcoholic  solution  in  vacuum  was  washed  with  sodium  bicarbonate 
solution  and  water  at  a  temperature  not  above  5°,  dissolved  in  ether,  and  dried  with  sodium  sulfate.  Ethyl  a, 

€  -dibromocaproate  was  distilled  in  vacuum  at  128—130°  (1.5  mm).  Yield  6.73  g 

Found  %:  Br  52.69.  CgHi40^Br2.  Calc.  %:  Br  52,98, 

a,£ -Bis-l4*-sulfanilamido-caproic  acid  (di-N-p-sulfamidophenyl-d,  1-lysine).  A  mixture  of  5.5  g 
ethyl  a,  c  -dibromocaproate, 6.9  g  sulfanilamide,  2.5  pyridine  and  2  g  copper  acetate  in  40  ml  anhydrous  al¬ 
cohol  was  heated  in  a  sealed  tube  at  160-180*  for  20  hours.  The  alcoholic  iolution  was  evaporated  to  dryness 
in  vacuum  and  the  residue  washed  with  10%  hydrochloric  acid  (two  lots  of  10  ml)  and  with  water.  The  product 
was  saponified  by  heating  with  15  ml  10%  KOH.  Hydrogen  sulfide  was  passed  through  the  alkaline  filtrate  to 
bring  down  the  copper.  Acidification  with  concentrated  hydrochloric  acid  (to  congo)  of  the  solution  (decolor¬ 
ized  with  carbon)  brought  down  a  white  precipitate.  After  two  recrystallizations  form  75%  alcohol,  di-N-p- 
-sulfamidophenyl-d,  1-lysine  forms  colorless  needles  with  m.p.  227-229°.  Good  solubility  in  alcohol,  poor  in 
water. 

Found  %:  C  47.57;  H  5.28;  N  12.58,  12.03.  Ci4l^04N4S£.  Calc.  %:  C  47.37;  H  5.26;  N  12.28. 

SUMM  ARY 

1.  a-  «ind  £-mono-  and  a.  «  -bis-N^-sulfanilamido  derivatives  of  the  d,l-lysine  series  were  synthesized. 

2.  €-N^  -sulfanilamido-caproic  acid  and  its  ester  were  prepared. 

3.  It  was  found  that  condensation  of  sulfanilamide  through  the  amino  group  with  an  ester  of  a-bromo- 
-€  -beozoylaminocaproic  acid  and  with  an  ester  of  e  -bromocaproic  acid  proceeds  with  better  yield  in  presence 
of  potassium  iodide  and  pyridine,  while  the  presence  of  a  copper  salt  is  necessary  for  condensation  of  sulfanil¬ 
amide  with  ethyl  a,  £  -dibromocaproate. 

4.  A  method  was  devised  for  the  preparation  of  ethyl  c  -bromocaproate. 
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4-KETOTHIAZOLES  (  4- HYDROX  YTHI  AZOLES) 

II.  REACTIONS  OF  THE  METHYLENE  GROUP  OF  2-PHENYLTHIAZOLINONE-4 


F.  N.  Stepanov  and  Z.  Z.  Moiseeva 


Recently  we  described  [1]  the  synthesis  of  2-phenylthiazolinone-4.  The  system  of  thiazolinone-4  is 
tautomeric  with  the  system  of  4-hydroxythiazoIe: 


CHt-CO 

I  I 

S  N 
C 


CH=  COH 

I  I 

S  N 


I  I 

The  phenolic  character  of  2-phenylthiazcfinone-4is'manifested  by  the  weakly  acidic  properties  and 
by  the  tendency  to  form  acyl  derivatives.  Ffowever  its  most  characteristic  features  are  reactions  of  the  methyl¬ 
ene  group.  This  communication  is  devoted  to  these  reactions. 


In  presence  of  concentrated  sulfuric  acid  2-phenyIthiazolinone-4  readily  enters  into  condensation  with 
benzaldehyde  to  form  the  benzylidene  derivative  (1).  The  p-dimethylaminobenzylidene  derivative  (II)  is  sim¬ 
ilarly  formed.  In  alkaline,  aqueous  solution  2-phenylthiazolinone-4  condenses  with  benzaldehyde-2,4-disulfonic 
acid  to  form  a  disulfo benzylidene  derivative  which  is  isolated  in  the  form  of  a  nicely  crystallizing  potassium  salt 

(HI). 
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The  simplest  methine  dye  of  the  2-phenylthiazolinone-4  series  is  bis- 
-methine  (IV). 


(IV)  R=H: 

(V)  R=p-N08 


(2-phenyIthiazoIinone-4)-5,5’ 


The  dye  is  prepared  from  2-phenylthiazoIinone-4  and  ethyl  orthoformate  by  boiling  in  pyridine  solu 
tion,  and  it  crystallizes  from  glacial  acetic  acid  in  the  form  of  fine,  small  purple  needles.  The  purple  alco¬ 
holic  solution  of  the  dye  turns  blue  when  made  alkaline  and  turns  yellow  when  acid.  Formation  of  a  similar 
dye  from  2-ethylmercaptothiazolinone-5  and  ethyl  orthoformate  has  been  reported  [2]. 

Dye  (IV)  is  also  formed  by  condensation  of  2-phenylthiazolinone-4  with  diphenylformamidine  on 
boiling  in  pyridine  solution.  At  the  same  time  2-phenyl-5-  anilinomethylenethiazolinone-4  (VI)  is  formed; 
this  crystallizes  from  butanol  as  a  yellow,  finely  crystalline  powder. 

Condensation  of  2-(4-nitrophenyl)-thiazolinone-4  with  diphenylformamidine  also  leads  to  two  com¬ 
pounds;  the  methine  dye  (V)  —  dark -blue  needles  from  pyridine,  m.p.  272—273°,  and  the  anilinomethylene 
derivative  (VII)—  orange-red  plates  from  pyridine,  m.p.  309  —  310°. 
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R* 

OC — C=CH-NC,H| 
N  S 
C 


(VI)  R— H.  R*=H; 

(VII)  R=NOi,  R’=H; 

(VIII)  R==H,  R'=CHsCO 
(IX)  R=NO^,  R’=CH5C0. 


The  anilinotnethylene  derivatives  (VI)  and  (VII)  are  acetylated  on  boiling  in  acetic  anhydride,  form¬ 
ing  2-phenyl-5-acetoanilinomethylenethiazolinone-4  (VIII)  (yellow,  finely  crystalline  powder,  m.p.  201-202”) 
and  2-(4-nitrophenyl)-5-acetanilinomethylenethiazolinone-4  (IX)  (orange  plates,  m.p.  277-278°). 


From  the  acetoanilino  derivatives  we  can  pass  to  the  merocyanine  dyes  of  the  phenylthiazolinone-4 
series.  This  is  exemplified  by  the  preparation  of  (2-phenyl-4-keto-4,5-dihydrothiazole-5)-dimethine-(3-ethyl 
benzothiazole-5)(X).  The  dye  is  obtained  by  condensation  of  (VIII)  with  2-methylbenzothiazole  methoiodide 
in  isopropyl  alcohol  in  presence  of  triethylamine. 


It  has  an  absorption  maximum  (in  alcohol)  of  568  mp  and  it  weakly  sensitizes  silver  bromide  emulsion 
in  the  yellow-green  region  of  the  spectrum.  Another  example  of  the  preparation  of  a  merocyanine  dye  of  this 
series  is  the  condensation  under  similar  conditions  of  2-(4'-nitrophenyl)-thiazolinone-4  with  2-6-acetanilino- 
vinylpyridine  ethoiodide,  leading  to  formation  of  (2-p-nitro-phenyl-4-keto-4,5-dihydrothiazole-5)-dimethine- 
(l-ethyl-l,2-dihydropyridine-2)  (XI). 

This  dye,  absorption  maximum  at  576  mji  (in  alcohol),  desensitizes  silver  bromide  emulsion. 

In  an  acetic  acid  medium,  2-phenylthiazolinone-4  easily  couples  with  diazo  compounds:  with  4- 
nitrophenyldiazonium  and  2,5-dichlorophenyldiazonium,  the  orange-red  dyes  (XII)  and  (XIII)  whose  color 
changes  to  blue  in  an  alkaline  medium,  are  found. 

A  last  example  of  a  reaction  of  the  methylene  group  of  2-phenylthiazolinone-4  is  the  formation  of 
the  azomethine  dye  (XIV)  by  condensation  with  nitrosodimethylaniline. 


OC - CH— N=N-A»- 

(HD  Ar  =  -^^NO* 

i 

CgHj  (XI II)  At-  =  — ^  ^ 


OC - C  V(CH?;a 

A  ^ 


(as) 


EXPERIMENTAL 

2 -Phenyl-5 -benzylidenethiazolinone-4  (1).  3  ml  sulfuric  acid  is  added  dropwise,  with  stirring,  to  a 
mixture  of  0.5  g  2-phenylthiazolinone-4,  0.3  g  benzaldehyde  and  10  ml  alcohol.  With  cooling,  the  bright- 
yellow  solution  is  poured  on  to  50  g  ice;  the  precipitate  is  filtered,  washed  with  water  and  dried.  The  com¬ 
pound  (0.8  g,  m.p.  105  —  110°)  is  dissolved  in  ether  and  filtered,  and  the  ether  is  evaporated.  The  residue  is 
crystallized  from  gasoline  to  give  0.4  g  (53<7o)  yellow  substance,  m.p.  129-130°. 

Found  %  N  5.34,  5.42.  CuHijONS.  Calc.  N  5.28. 
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2  -Phenyl -5  -(p - dimethylam inobenzy lidene)- thiazolinone - 4.  2  ml  concentrated  sulphuric  acid  is 
introduced  dropwise  with  stirring  into  a  mixture  of  0.2  g  2-phenylthiazolinone-4,  0.2  g  4-dimethylamino- 
benzaldehyde  and  5  ml  alcohol.  The  olive-colored  solution  is  poured  (with  cooling)  on  to  50  g  ice.  The 
precipitate  is  filtered,  washed  with  water  and  dried.  The  compound  (0.25  g,  96-106°)  is  extracted  with 
ether;  the  ether  is  evaporated  and  the  residue  crystallized  from  glacial  acetic  acid.  Fine  brown  needles, 
m.p.  120-122*.  Yield  0.18  g  (51%). 

Found  %:  N  9.00,  8.90.  Ci,Hi,ONtS.  Calc.  %:  N  9.09. 

2-Phenyl-5-(benzylidenedisulfonic  acid-2*  ,4*)-thiazolinone-4  (111).  A  filtered  solution  of  2  g 
2-phenylthiazolinone-4  in  200  ml  water  and  4  ml  40%  sodium  hydroxide  is  added,  at  10*  over  a  period  of  45 
minutes,  to  a  solution  of  3.5  g  sodium  salt  of  benzaldehyde-2,4-disulfonic  acid  in  18  ml  water  and  6  ml  hy¬ 
drochloric  acid  (d  1.16).  The  solution  (neutral  reaction)  is  heated  for  20  minutes  at  80*  and  filtered  hot;  5  g 
potassium  chloride  is  added,  and  the  solution  is  run  (with  cooUag)  into  30  ml  alcohol.  The  precipitate  is 
filtered,  washed  with  alcohol  and  crystallized  from  water.  White,  lustrous  needles;  weight  3.3  g  (58.5%). 

Found  %:  S  19.26,  19.20.  C,gH,OiNS,I^.  Calc.  %;  S  19.30. 

Bis-(2-phenylthiazolinone-4)-5,5'-methine  (IV).  A  solution  of  1  g  2-phenylthiazolinone-4  and 
0.42  g  ethyl  orthoformate  in  15  ml  pyridine  is  heated  at  the  boil  for  45  minutes.  The  cooled  solution  is  run 
into  45  ml  water  and  acifified  with  hydrochloric  acid  (congo  test).  The  precipitate  is  collected,  washed  and 
dried.  Yield  0.7  g  (68%),  m.p.  262—264*.  Fine  purple  needles  (from  glacial  acetic  acid),  m.p.  264—265*. 

Found  %:  C  62.40,  62.52;  H  3.58,  3.48;  S  17.44,  17.64;  N  8.05,  7.88.  Calc.  %; 

C  62.61;  H  3.33;  S  17.59;  N  7.69. 

2-Phenyl-5-anilinomethylene-thiazolinone-4  (VI).  1.3  g  2-phenylthiazolinone-4,  0.98  g  diphenyl- 
formamidine  and  15  ml  pyridine  are  boiled  15  minutes.  The  cooled  solution  is  diluted  with  100  ml  water 
and  acidified  with  hydrochloric  acid  (congo  test).  The  precipitate  is  filtered,  washed  with  water  and  dried. 
Weight  of  mixture  of  (VI)  and  (IV)  1.2  g,  m.p.  180—185*.  The  components  are  separated  by  treatment  with 
hot  isopropyl  alcohol.  The  substance  going  into  solution  and  crystallizing  on  cooling  is  the  anilinomethylene 
derivative  (VI);  after  recrystallization  from  butanol  it  weighs  0.3  g  (15%)  and  has  m.p.  209-210*. 

Found  %:  C  68.33,  68.64;  H  4.40,  4.37;  S  11.88,  11.43;  N  10.30,  10.05.  CisHhONjS.  Calc.  %: 

C  68.54;  H  4.33;  S  11.43;  N  9.99. 

The  residue  insoluble  in  isopropyl  alcohol  was  recrystallized  from  glacial  acetic  acid;  weight  0.5  g. 
m.p.  264—265*;  it  is  identical  with  (IV).  A  mixed  sample  with  (IV)  melts  at  264—265*. 

Bis-(2-p-nitrophenylthiazolinone-4)-5,5*-methine  (V)  and  2-(p-nitrophenyl)-5-anilinomethylene- 
thiazolinone-4  (VII).  A  mixture  of  1.7  g  2-p-nitrophenylthtazolinone-4,0  *g  diphenylformamidine  and  10 
ml  pyridine  is  heated  at  the  boil  for  15  minutes.  A  precipitate  comes  down  on  cooling  and  is  filtered,  washed 
with  pyridine  and  water  and  dried.  Under  the  microscope  the  precipitate  is  a  mixture  of  blue  needles  and  red 
plates.  Separation  is  effected  by  fractional  crystallization  from  pyridine.  The  more  soluble  eomponent  of  the 
mixture  is  the  red-orange  plates,  m.p.  309-310*.  It  is  (VII)  and  the  yield  is  0.2  g  (8.5%). 

Found  %:  C  59.20,  59.36;  H  3.68,  3.80;  S  9.70,  9.64;  N  12.76.  Ci^HnOgNsS.  Calc.  %:  C  59.06; 

H  3.41;  S  9.85;  N  12.92. 

The  component  less  soluble  in  pyridine  forms  dark-blue  needles  with  m.p.  272  —273*;  it  is  the 
methine  dye  (V):  weight  0.8  g  (40%). 

Found  %:  N  12.23,  12.42;  S  14.33.  Ci9HioO,N4S,.  Calc.  %:  N  12.36;  S  14.14. 

Acetylation  of  anilinomethylene  bases.  1)  0.2  g  (VI)  is  heated  with  2  ml  acetic  anhydride  at  120* 
for  1  hour.  Compound  (VIII)  comes  down  on  cooling:  a  yellow  granular  powder,  m.p.  201-202*.  Yield  0.2  g 
(87%). 

Found  %:  C  67.10,  67.14;  H  4.42,  4.33;  S  9.71;  N  8.62.  Ci,Hi40iN2S.  Calc.  %;  C  67.06;  H  4.38; 

S  9.94;  N  8.69. 
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2)  Under  the  same  conditions  the  acetyl  derivative  (X)  is-  obtained.  Orange  plates  from  acetic 
anhydride,  m.p.  277—278*. 

Found  °Io‘.  N  11.24,  11.39,  Ci,Hi,04NjS.  Calc.  N  11.44. 

Merocyanine  dyes.  1)  A  mixture  of  0.2  g  (VIII),  0.2  g  2-methylbenzothiazole  ethoiodide,  5  drops 
triethylamine  and  5  ml  isopropyl  alcohol  is  boiled  6  hours.  The  dye  (X)  comes  down  on  cooling  and  is  fil¬ 
tered.  Yield  0.18  g  (80*5!)).  Dark-green,  bromizing  needles,  m.p.  258*  (with  decomp.).  Absorption  maximum 
568  m/i  (in  alcohol). 

Found  C  65.94;  H  4.61;  S  17.38;  N  7.62.  CjoHuOb^S*.  Calc.  °]o:  C  65.90;  H  4.43;  S  17.59;  N  7.69. 

2)  A  mixture  of  0.39  g  2-6 -acetylanilinovinylpyridine  ethoiodide,  0.22  g  2-p-nitrophenylthiazoli- 
none-4,  0.14  g  triethylamine  and  5  ml  ethanol  is  heated  on  a  water  bath  for  2  hours.  Dye  (XI)  comes  down  on 
cooling;  weight  0.2  g  (56%),  Dark-blue,  acicular  prisms,  m.p.  278—279*.  Absorption  maximum  576  mp  (in 
alcohol). 

Found  %:  N  11.70;  S  9.00.  CaHeOjNjS.  Calc.  %:  N  11.90;  S  9.07. 

Azo  dyes.  1)  A  solution  of  1  g  2-phenylthiazolinone-4  in  60  ml  water  and  2  ml  40%  sodium  hydroxide 
is  added  at  the  same  time  as  a  solution  (20  ml)  of  the  diazonium  salt  from  0.81  g  p-nitroaniline  to  a  solution  of 
5  g  sodium  acetate  in  30  ml  water.  The  precipitated  dye  (Xll)  weighs  1.2  g  (65%).  Fine,  orange  needles  (from 
xylene),  not  melting  at  above  360*. 

Found  %:  N  17.17.  C15H10O5N4S.  Calc.  %:  N  17.18. 

2)  A  dye  was  similarly  prepared  from  0.25  g  2-phenylthiazolinone-4  and  0.22  g  2,5-dichloroaniline. 
Yield  0.4  g  (81%).  Small,  brown  needles  (from  toluene),  m.p.  240  —  242*. 

Found  %:  5  8.79,8.88.  C^HjONsSClj.  Calc.  %:  S9.15. 

Azomethine  dye.  To  a  suspension  of  0.4  g  2-phenylthiazolinone-4  in  5  ml  water  is  added  an  alkaline 
solution  (about  5  ml)  of  p-nitrosodimethylaniline  prepared  from  0.3  g  dimethylaniline;  the  mixture  is  left  for 
7  days  at  room  temperature.  The  dye  (XIV)  is  filtered  and  crystallized  from  glacial  acetic  acid.  Yield  0.4  g 
(57%).  Brown  powder,  m.p.  140-142*. 

Found  %:  N  13.31,  13.28.  Cj^igONaS.  Calc.  %:  N  13.59. 

SUMMARY 

The  great  mobility  of  the  hydrogen  of  the  methylene  group  of  2-phenylthiazolinone-4  is  illustrated 
by  examples  of  condensation  with  aromatic  aldehydes  and  the  preparation  of  methine,  merocyanine  and  other 
dyes. 
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THE  CONDENSATION  OF  PINACOL-DIHYDROGEN  HALIDE  REACTION  PRODUCTS 
WITH  ALLYL  CHLORIDE  IN  PRESENCE  OF  MAGNESIUM 


A.  D.  Petrov  and  M.  P.  Shebanova 


Hydrocarbons  with  two  adjacent  quaternary  carbons,  particularly  those  compounds  with  these  carbons 
in  the  center  of  the  molecule,  are  of  considerable  interest.  Hydrocarbons  of  this  type  are  characterized  by 
high  specific  gravities  and  by  an  asymmetric  structure  and  low  melting  point.  However,  the  synthesis  of  even 
relatively  low-molecular  (  Cj— C^)  hydrocarbons  of  this  type  has  been  associated  with  serious  difficulties  and 
it  has  only  been  accomplished  with  very  poor  yields. 

Marker  and  Oakwood  [1]  obtained  hexamethylethane  from  tert-butylmagnesium  chloride  and  tert- 
butyl  chloride  in  a  yield  of  only  16%  even  in  presence  of  Cul.  In  the  absence  of  the  latter  the  yield  was  only 
3%,  while  with  tertamyl  chloride  the  yield  of  the  corresponding  isodecane  was  less  than  1%.  A  higher  yield  of 
hexamethylethane  [2]  was  got  by  condensation  of  tert- alkyl  magnesium  halide  with  a  primary  halide.  Lengthy 
condensation  (week)  raised  the  yield  to  as  much  as  48%.  •  But  even  under  such  conditions  the  yield  rapidly  drop¬ 
ped  with  increasing  length  of  the  primary  alkyl  magnesium  halide.  In  the  case  of  ethylmagnesium  bromide  the 
yield  was  22%  [3],  but  in  that  of  butylmagnesium  bromide  it  was  only  4%  [4]. 

Faced  with  the  problem  of  synthesizing  hydrocarbons  of  the  type  in  question  containing  Cjs-Cu,  we 
turned  to  other  possible  schemes  of  synthesis,  and  in  particular  we  decided  to  study  the  condensation  of  pinacone 
dihalohydrins  with  alkyl  halides  and  halides  of  the  allyl  type  in  presence  of  magnesium.  In  a  first,  recently 
published,  investigation  [5]  we  performed  the  condensation  of  the  pinacone  dihalohydiin  obtained  from  methyl- 
ethyl  ketone  with  ethyl  magnesium  chloride  and  with  aUyl  chloride  in  presence  of  magnesium.  Condensation 
was  carried  out  at  10—15°.  In  the  first  case  3,4-dimethyl-3,4-dichlorohexane  reacted  mainly  according  to 
equation  1  of  scheme  (I),  while  in  the  second  case  it  reacted  according  to  scheme  (II): 
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(II)  C-C-C-C-C-C +  C1C-C=C +Mg  -►  C-C=G-C-C-C 
Cl  Cl  C-C=G 

In  this  manner,  by  using  an  alkenyl  halide  with  a  0 -position  of  the  double  bond  we  succeeded  in  ob¬ 
taining  a  high  yield  of  hydrocarbon  in  the  condensation  reaction,  but  the  product  contained  only  one  quaternary 
carbon  atom.  The  second  atom  of  chlorine  was  simultaneously  split  off  as  HCl.  It  is  interesting  to  note  that 
the  allyl  rearrangement  does  not  take  place  here,  as  was  confirmed  by  formation  of  the  hydroxy  acid  (III)  on 
oxidation. 


C  C 

(III)  C-C-C-C-C-COOH 

I  I 

OHC-C 


*  Translator’s  note:  got  by  interaction  of  2,3,3-trimethyl-2-chlorobutane  with  m ethylmagnesium  chloride. 
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In  the  present  investigation  we  have  continued  our  attempts  to  realize  the  synthesis  of  hydrocarbons  with  two 
adjacent  quaternary  carbons.  We  tried  two  routes:  a)  changes  in  the  structure  of  the  pinaool  -  dihydrogen 
halide  reaction  products;  b)  lowering  of  the  temperature  of  synthesis  in  the  hope  of  minimizing  the  secondary 
reaction  of  dehydrohalogenation.  It  was  found,  however,  that  the  dihydrogen  halide  reaction  products  of  all 
the  pinacol  taken  by  us  (dipropyl  ketone,  methylisobutyl  ketone,  pinacoline)  were  inferior  in  stability  to  3,4- 
dimethyl-3,4-diclUorohexane;  we  shall  therefore  not  give  details  of  the  condensation  of  these  dihydrogen 
halide  reaction  products  with  allyl  chloride  in  presence  of  magnesium,  but  we  shall  go  on  to  describe  the  con¬ 
densation  of  alkenyl  halide  with  3,4-dimethyl-3,4-dichlorohexane  at  —20”  in  presence  of  Mg.  At  this  low 
temperature  we  finally  succeeded  in  obtaining  a  hydrocarbon  with  two  quaternary  carbons  of  the  desired  struc¬ 
ture  (IV),  judging  by  the  results  of  oxidation  in  which  a  epoxy  acid  (acid-oxide)  was  obtained  with  the 
proposed  structure  of  (V): 
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Even  under  these  conditions,  however,  there  was  obtained,  in  addition  to  the  hydrocarbon  with  two 
quaternary  carbons  (IV),  a  hydrocarbon  but  with  a  structure  different  from  that  of  hydrocarbon  obtained 
according  to  scheme  (II)  at  15*.  Among  the  products  of  oxidation  of  this  second  hydrocarbon  were  found  formic 
acid,  methyle thy  1  ketone  and  a  Cg  ketoacid  with  the  proposed  structure  C-CO-C-C- C(X)H,  which  was  de- 

C 

termined  as  its  silver  salt. 


These  products  of  oxidation  indicate  that  at  the  specified  low  temperature  of  formation  of  the  Cji 
hydrocarbon,  the  latter  undergoes  the  allyl  rearrangement  which  leads  to 4  ,5,6-trime±yloctadiene-l,5  (scheme 
VI): 

1 

ci-c-c=c-c-c  + 


Mg  +  ClC-C=C  -*•  c=c-c-c-c==c-c-c 

III 
c  c  c 

The  condensation  reaction  proceeding  at  low  temperature  may  thus  be  represented  by  scheme  (VII): 
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Interesting  results  were  obtained  in  condensation  at -20"  of  allyl  chloride  with  the  product  of  re¬ 
action  with  HBr  of  the  pinacol  from  acetone  in  presence  of  magnesium.  It  was  found  that  the  reaction  here 
proceeds  according  to  equations  1  and  2  of  scheme  (VIH). 

In  the  145—147"  fraction  were  found  a  C^Hj^  diolefin  (12%)  and  a  diether  with  the  composition 
C^^gO^  (88%).  On  increasing  the  amount  of  allyl  chloride  to  an  8-fold  excess,  the  formation  of 
could  be  suppressed  but  this  measure  did  not  increase  the  yield  of  the  C^jl^  hydrocarbon.  The  main  products 
of  reaction  in  this  case  were  tetramethylethylene  and  diallyl  (1.5-hexadione).  Consequently  the  character  of 
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the  reaction  of  condensation  of  pinacol-dihydrogen  halide  reaction  products  with  Grignard  reagents  is  governed 
by  the  structure  of  both  components  and  their  ratio,  by  the  nature  of  the  halide  and  by  the  temperature  of  syn¬ 
thesis;  the  reaction  can  therefore  be  varied  within  wide  limits. 
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EXPERIMENTAL 

4,5,6-Trimethyloctadiene-  1,5  and  4,5-dimethyl-4,5-diethyloctane  100  g  3, 4- dimethyl-3, 4-di- 
chlorohexane,  prepared  under  the  previously  described  conditions  [5],  and  152  g  allyl  chloride  dissolved  in 
ether  were  run  dropwise  into  48  g  magnesium.  At  the  start  the  mixture  with  a  small  quantity  of  chlorides  was 
heated  to  the  boiling  point  of  ether;  but  when  the  reaction  had  started,  the  water  bath  was  replaced  by  an  ace¬ 
tone  bath  in  which  the  temperature  was  held  at  —20“  throughout  the  whole  period  of  reaction  (addition  of  the 
reaction  mixture).  After  decompKJsition  of  the  reaction  mixture  with  NH4CI  solution  and  distillation  of  the 
ether,  the  product  with  b.p.  above  150“  was  distilled  over  metallic  sodium.  Two  fractions  were  isolated  by 
fractionation: 

1st,  b.p.  178-180"  at  760  mm,  njj  1.4560,  d^®  0.802,  yield  38%  2nd,  b.p.  210-215“  at  760  mm,  ng 
1.4620,  (^®  0.818,  yield  10<7o. 

By  oxidation  with  V]o  KMn04  solution  the  1st  fraction  yielded  a  ketone  through  its  2,4-  dinitrophenyl- 
hydrazone  (m.p.  111").  A  mixed  test  with  the  2,4-dinitrophenylhydrazoneofmethylethylketone  did  not  give 
a  depression.  Among  the  acidic  products  of  reaction  were  identified  formic  acid  and  an  acid  containing  46.15 
and  45.98%  Ag  in  its  silver  salt.  The  silver  salt  of  the  anticipated  ketoacid  CHjj-CO— GH— CI%— CCX)H 

contains  45.57%  Ag.  GHs 

Oxidation  with  1%  KMn04  solution  of  the  2nd  fraction  gave  only  acidic  oxidation  products.  The 
latter  included  formic  acid  and  an  acid  whose  silver  salt  contained  31.30  and  31.82%  Ag. 

For  a  dibasic  acid  with  the  composition  CjjHjo04Ag2  the  content  of  Ag  is  48.65%.  For  an  acid  oxide 
of  the  composition  GisHjsOjAg  the  content  of  Ag  is  32.2%. 

The  2nd  fraction  was  subjected  to  hydrogenation  over  Raney-Ni  at  190"  and  200  atm.  The  hydride 
had  a  b.p.  216-218",  the  solidification  point  was  below  -80",  nj5  1.4440,  (4®  0.798,  MRp  66.20;  Calc.  66.85. 

4,4,5,5-Tetramethyloctadiene-l,7  and  2,3-dimethyl-2,3-diethoxybutane  2,3-Dimethyl-2,3-dibromo- 
butane,  crystals  with  m.p.  168-169"  (with  decomp.),  were  obtained  by  passing  gaseous  HBr  into  pinacone  hy¬ 
drate.  Stepanov  analysis  showed  that  a  dibromo  derivative  of  99.98%  purity  was  formed  under  these  sonditions. 
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The  dibromo  compound  was  condensed  at  —20®  with  200%  excess  of  allyl  chloride  in  presence  of  magnesium 
(Yavorsky's  reaction)  in  an  ether  medium.  Fractionation  after  removal  of  the  ether  gave  a  main  fraction 
with  b.p.  145- 14T,  n”  1.4390,  0.845,  which  decolorized  bromine.  6  g  of  the  fraction  was  oxidized  with 

1%  KMn04  solution;  only  a  small  proportion  of  the  fraction  underwent  oxidation.  Oxidation  gave  only  acidic 
products,  among  which  were  found  formic  acid  and  an  acid  whose  silver  salt  contained  51.35%  Ag.  It  was 
calculated  that  the  Ag  content  of  the  silver  salt  of  a  dibasic  acid  with  the  composition  is  51.92%. 

The  fraction  with  b.p.  145-147*  was  hydrogenated  over  Raney  Ni  at  170®  and  a  pressure  of  165  atm; 
it  then  had  the  following  characteristics: 

B.p.  148-149®,  ni5  1.4180,  dj*  0.823. 

Found  %:  C  70.81,  70.84;  H  13.74,  13.65.  CioHis(\.  Calc.  %:  C  68.96;  H  12.64. 

The  analytical  data  indicate  that  the  fraction  consists  of  12%  of  hydrocarbon  and  88% 

of  2,3-dimethyl-2,3-diethoxybutane  (CigHjsQt).  These  compounds  could  not  be  separated  by  chromatography. 

From  the  lower  boiling  fractions  were  isolated:  a  substance  with  b.p.  58-60®,  np  1.4020,  d^®  0.700, 
MRp  28,54;  calcd.  for  C|Hi|  28.97  (for  diallyl  the  literature  [6]  reports  b.p.  59.6°,  np  1.4044,  c^'  0.6863) 
and  a  substance  with  b.p.  70—73®,  np  1.4100,  0.712,  MRp  29.63;  calcd.  for  CjHjj  29.44  (the  literature  [7] 

for  2,3-dimethylbutene-2  reports  b.p.  70—71*  at  754  mm,  n^  1.4080,  d^®  0.7007). 

An  oil  and  crystals  were  separated  by  bromination  from  the  ether  distilled  off  from  the  reaction  pro¬ 
ducts. 

The  oil  had  b.p.  87-90®  at  35  mm,  ng  1.5200,  4®  1.677,  MRp  41.25;  calcd.  for  CpHioBr*  40.82. 

The  purity  according  to  Stepanov's  method  97.5%  reckoned  on  the  dibromo  compound.  The  following  data 
appear  in  the  literature  [8]  for  dibromopentene-1:  B.p.  84—85®  at  32  mm,  d^  1,668. 

The  crystals  separated  form  the  oil  had  m.p.  167— 168®  with  decomposition  (from  acetone)  and  did 
not  give  a  depression  in  admixture  with  the  original  2,3 -dimethyl-2,3- dibromobutane. 

Replacement  of  allyl  chloride  by  allyl  bromide  led  to  formation  of  the  same  reaction  products  but 
the  yield  of  the  fraction  with  b.p.  145—147®  was  reduced  threefold.  The  reaction  velocity  was  also  lowered 
appreciably;  it  only  went  at  a  temperature  not  lower  than  - 10°. 

SUMMA  RY 

It  was  established  that  of  the  hydrogen  chloride  reaction  products  of  the  pinacols  from  methylethyl 
ketone,  methylisobutyl  ketone  and  pinacoline,  the  most  stable  is  the  first  member  which  at  15°  in  presence  of 
magnesium  condenses  with  one  molecule  of  allyl  chloride  with  cleavage  of  a  molecule  of  HCl  and,  without 
isomerization,  forms  3,4-dimethyl-4-allylhexene-2.  When  the  condensation  of  the  above  halides  is  carried 
out  at -20*  in  presence  of  magnesium,  condensation  is  effected  with  two  molecules  of  allyl  chloride  with 
formation  in  10%  yield  of  4,5-dimethyl-4,5-diethyloctadiene-l,7.  In  addition,  cleavage  of  1  mole.  HCl  here 
also  leads  to  Cu  diolefin,  but  due  to  the  low  velocities  of  the  reaction  it  undergoes  isomerization  to  4,5,6- 
trimethyloctadiene- 1,3. 

In  the  condensation  of  the  product  of  reaction  with  HBr  of  the  pinacol  from  acetone  (tetramethyl- 
ethylene  dibromide)  with  allyl  chloride  in  presence  of  magnesium,  the  reaction  with  formation  of  the  hy¬ 
drocarbon  4,4,5,5-tetramethyloctadiene-l,7  went  only  to  the  extent  of  12  %.  The  reaction  mainly  went 
anomalously  and  interaction  of  the  halides  with  diethyl  ether  gave  the  diethyl  ether  of  the  pinacol  (2,3-di- 
methyl-2,3-diethoxybutane)  and  pentene-1. 
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CATALYTIC  TRANSFORMATION  OF  ETHYL  ALCOHOL  UNDER  PRESSURE 


B.  A.  Bolotov  and  L.K.  Smirnova 


Earlier  investigations  of  the  catalytic  transformation  of  ethyl  alcohol  over  copper  activated  catalysts 
at  the  ordinary  pressure  [1,  2]  showed  that  the  direction  of  these  reactions  depends  upon  the  temperature.  One 
and  the  same  catalyst  at  250-  275*  directs  the  reaction  toward  the  formation  of  ethyl  acetate,  while  in  the 
range  of  275-300*  the  main  product  of  reaction  is  acetone.  Above  300*  the  formation  of  higher  molecular 
ketones  was  observed  to  predominate. 

V.  N,  Ipatieff  and  N,  A.  Klukwin  [3],  who  were  the  first  to  investigate  the  catalytic  transformation 
of  ethyl  alcohol  under  pressure,  at  530-540*,  in  presence  of  alumina,  found  in  the  reaction  products  acetone, 
isopropyl  alcohol,  methylethyl  ketone,  methylethyl  carbinol,  water  and  polymethylene  hydrocarbons. 

In  a  study  of  the  dehydrogenation  of  higher  alcohols  over  CrjOj  catalyst  at  350-450*,  Komaiewsky- 
and  Coley  [4,  5]  established  the  formation  of  symmetrical  ketones;  on  carrying  out  the  same  reaction  at  higher 
pressure,  Komarewsky  and  Kritchevsky[6]  arrived  at  the  conclusion  that  aldehydes  undergo  a  series  of  complex 
reactions  leading  to  formation  of  olefinic  hydrocarbons  containing  2n-l  carbon  atoms  in  the  molecule. 

The  authors  of  the  present  paper,  as  indicated  above,  established  that  the  direction  of  the  transforma¬ 
tion  of  ethyl  alcohol  over  copper  activated  catalyst  is  a  function  of  the  temperature.  A  subsequent  study  of 
this  process  with  higher  primary  alcohols  (from  propyl  to  octyl)  with  the  same  catalyst  demonstrated  that  they 
behaved  entirely  like  ethyl  alcohol. 

At  250—275*  these  alcohols  are  transformed  into  esters  in  yield  of  40—60%;  at  325-350*  they  give 
symmetrical  ketones  in  yields  up  to  55%  calculated  on  the  original  alcohols. 

The  gaseous  products  contained  mote  hydrogen  and  carbon  monoxide  than  the  products  formed  at 
lower  temperatures  when  the  ester -forming  condensation  takes  place. 

The  changes  in  composition  of  the  products  taking  place  with  rising  temperature  point  to  a  change 
in  the  function  of  the  catalyst.  Apparently  the  ester-forming  condensation  of  aldehyde  taking  place  on  the 
surface  of  the  catalyst  at  low  temperature  is  replaced  at  temperatures  above  300°  by  an  aldol  condensation 
leading  to  formation  of  ketones. 

We  established  that  the  direction  of  the  reaction  of  catalytic  transformation  of  primary  alcohols  is 
not  only  a  function  of  the  temperature,  but  depends  also  upon  the  pressure  during  the  process.  Ethyl  alcohol 
at  350-  400*  and  pressures  above  10  atm.  gives  saturated  hydrocarbons  corresponding  in  composition  to  the 
ketones  obtained  in  the  absence  of  pressure. 


EXPERIMENTAL 

Experiments  were  carried  out  rn  a  special  high-pressure  apparatus.  With  the  help  of  a  liquid  pump, 
ethyl  alcohol  was  forced  under  pressure  in  the  amount  of  80-85  g/hour  into  a  vaporizer  and  from  there  into 
the  reactor  in  the  form  of  a  steei  tube  lined  with  copper  and  filled  with  catalyst.  The  reactor  was  heated  in 
a  block  electric  furnace.  The  products  of  reaction  were  expanded  to  atmospheric  pressure  through  a  valve 
and  after  cooling  to  —60*  they  were  collected  in  the  form  of  liquid  condensate  and  gas. 

The  catalytic  transformations  of  primary  alcohols  were  studied  over  copper  activated  catalyst  no.  1, 
investigated  previously  in  the  same  processes  in  the  absence  of  pressure  [2]. 

120-130  ml  catalyst  was  charged  into  the  reactor  and  reduced  with  hydrogen  at  285-300°  and  atmo 
spheric  pressure.  After  each  experiment  the  condensates  were  subjected  to  fractional  distillation  and  were 
analyzed  for  content  of  aldehyde,  ester,  acid,  ketone  and  saturated  hydrocarbons. 
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The  first  experiments,  conducted  with  ethyl  alcohol  at  a  pressure  of  10  atm.,  had  the  objective  of 
establishing  how  the  pressure  influences  the  composi^on  of  the  reaction  products  in  the  temperature  range  of 
275—400*.  From  the  data  of  Table  1  and  Fig.  1  we  see  that  the  substances  obtained  under  pressure  at  275  -300* 
are  similar  in  composition  to  those  previously  obtained  without  pressure.  At  300-325"  the  main  products  are 
acetone,  methylpropyl  ketone  and  other  ketones  (methylisobutyl,  dipropyl,  methylamyl  ketone  and  others).  At 
325*  and  higher  under  pressirre,  new  compoimds  are  formed  —  saturated  hydrocarbons  which  are  absent  when 
the  process  is  conducted  without  pressure;  their  yield  Increases  with  rising  temperature.  At  the  same  time  the 
carbon  dioxide  content  of  the  gaseous  products  increases  'and  the  water  content  of  the  condensates  increases. 

At  350-  400*  the  condensates  consist  solely  of  saturated  hydrocarbons  and  water.  Evidently,  rise  of  pressure 
at  these  temperatures  promotes  a  fresh  hydrogenation  reaction  resulting  in  formation  of  saturated  hydrocarbons. 
In  the  "oily"  layer  of  the  condensates  were  detected  pentane,  hexane,  and  heptane  whose  contents  of  carbon 
atoms  in  the  chains  cor  respond  to  the  ketones  obtained  in  the  experiments  without  pressure;  higher  hydrocarbons 
are  also  present  —  octanes,  nonanes,  decanes,  etc.,  the  content  of  which  increases  with  rising  temperature. 

In  order  to  establish  the  relation  between  pressure  and  composition  of  the  products  of  transformation 
of  ethyl  alcohol  obtained  at  various  temperatures,  experiments  were  run  at  300*  (when  the  main  products  of 
reaction  were  ketones)  and  at  350‘  (the  optimum  for  the  yield  of  saturated  hydrocarbons).  In  Table  2  are  pre¬ 
sented  the  results  of  experiments  at  300*  and  pressures  of  1  to  120  atm.  The  condensates  under  these  condi- 
tiotts  were  homogeneous  and  did  not  contain  water. 


Fig.  1.  Change  of  composition  of  products  of  reaction 
of  ethyl  alcohol  with  respect  to  temperature  at 
a  pressure  of  10  atm. 

1)  acetaldehyde;  2)  ethyl  acetate;  3)  acetone;  4)  methyl¬ 
propyl  ketone;  5)  dipropyl  ketone;  6)  water;  7)  pentane 
and  hexane;  8)  heptane;  9)  higher  hydrocarbons  C^7. 


Fig.  2.  Composition  of  products  of  reaction  of 
ethyl  alcohol  at  300*  with  respect  to  pres¬ 
sure. 

1)  acetaldehyde;  2)  ethyl  acetate;  3)  acetone; 

4)  methylpropyl  ketone;  5)  higher  ketones  C  ^5; 
6)  saturated  hydrocarbons  Cg— Cy;  7)  hydrocarbons 
C>7. 


Rise  of  pressure  to  20  atm.  was  scarcely  reflected  in  the  composition  of  the  condensates,  whereas  a 
rise  to  40  atm.  and  higher  caused  a  sharp  drop  in  the  yield  of  ketones.  At  120  atm.  their  yield  was  not  more 
than  6—8%,  since  at  high  pressures  and  a  temperature  of  300*  the  rate  of  dehydrogenation  of  alcohol  to  aldehyde 
falls  sharply,  and  the  amount  of  unreacted  alcohol  in  the  condensate  rises  from  10  to  62%.  Under  these  condi¬ 
tions  the  content  of  saturated  hydrocarbons  in  the  condensate  does  not  exceed  10-12%. 

From  the  experiments  at  350*  and  pressures  of  5  to  160  atm.  presented  in  Table  3  and  Fig.  3,  we  see 
that  the  specified  conditions  are  the  optimum  for  preparation  of  saturated  hydrocarbons.  Their  content  in  the 
"oily"  layer  of  condensate  teaches  95%.  With  rise  of  pressure  from  5  to  160  atm.  the  pentane  content  increases 
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Catalytic  conversion  of  ethyl  alcohol  under  a  pressure  of  10  arm. _ 

Tempera-  Yield  of  _ _ _ _ Content  in  condensate  (weiRht-%)  of  _ _ _ _ _ 

ture  condensate  acetal-  pentane  acetone  hexanes  ethyl  ethyl  heptane  methyl- octanes  methyl- nonanes  dipropyl  higher  saturated  water 

(weight-^)  dehyde  ace-  alco-  propyl  isobutyl  ketone  ketones hydro- 

tate  hoi  ketone  ketone  carbons 


Fig.  3,  Composition  of  products  of  reaction  of 
ethyl  alcohol  at  350*  in  dependence  on  the 
pressure. 

1)  acetaldehyde;  2)  ketones  (total);  3)  pentane; 
4)  hexane;  5)  heptane;  6)  hydrocarbons  C  7; 

7)  water. 


considerably:  at  5  atm.  the  yield  is  6%,  at  156  atm. 
it  is  73%,  and  the  yield  of  higher  hydrocarbons  falls 
at  the  same  time.  The  maximum  amount  of  higher 
hydrocarbons  is  obtained  at  10  atm.:  the  presence 
of  hexanes,  heptane,  octanes,  nonane  and  other  high- 
molecular  hydrocarbons  was  established.  The  pre¬ 
dominating  hydrocarbon  is  n-heptane,  the  yield  of 
which  reaches  25%  at  10—20  atm.  Rise  of  pressure 
lowers  the  formation  of  heptane  and  other  higher 
hydrocarbons  and  correspondingly  increases  the  yield 
of  petane. 

The  presence  of  pentane  and  propane  in  the  gas 
may  be  explained  by  the  possibility  of  hydrogenation  of 
the  initially  formed  acetone  and  methylpropyl  ketone, 
the  velocity  of  this  reaction  at  350*  and  pressures  above 
20  atm.  considerably  exceeding  the  velocity  of  conden¬ 
sation  of  acetone  and  methylpropyl  ketone  to  higher 
ketones.  Condensation  of  acetone  with  acetaldehyde  is 
interrupted  at  the  sta^e  of  formation  of  methylpropyl 
ketone,  which  is  nearly  quantitatively  reduced  to  n-pen- 
tane.  The  yield  of  n-pentane  rises  from  6  to  73%  The 
presence  in  the  condensate  of  up  to  30%  water  supports 
this  scheme. 


Very  small  amounts  of  ester  were  detected  in  the 
condensate,  evidently  because  aldehyde  formed  during 


dehydrogenation  of  the  alcohol  is  transformed  according  to  the  aldol  mechanism  into  acetone,  methylpropyl 
ketone  and  other  ketones,  which  under  pressure  are  transformed  into  saturated  hydrocarbons.  The  carbon  mono¬ 
xide  formed  during  the  reaction  is  converted,  in  presence  of  water,  nearly  completely  into  carbon  dioxide  and 
hydrogen. 


Formation  of  ketones  and  saturated  hydrocarbons  from  ethyl  alcohol  can  be  represented  in  the  following 
schemes: 


-H, 


1)  CjHjOH  - ^  CH3CHO 


-CO.  Hs  CHoCHO 

[CHaCHOHCHjCHO]  - ^  CHsCOCHjj  - - ^ - ► 


CsHj  (propane) 

-H9O  CHaCHO 

[CHsCOCl^CHOHCHs]  J  »  CHgCOCsH^  - ^ ^ 

CjHjj  (n-pentane) 


[CsH^OCH^CHOHCHs]  CsHCOCsH^  etc., 


2) 


2CHsCOCHs 


(heptane) 

[CHsCOCH2COil(CH3)2]  CHiCOCHjClKCHs)^. 


C5HJ4  (hexane) 


In  Table  4  are  presented  the  experimentally  determined  coefficients  of  refraction  and  the  molecular 
weights  of  the  hydrocarbons  obtained  under  pressures  of  10  to  156  atm.  From  the  data  we  can  conclude  that 
the  hydrocarbons  isolated  from  the  fractions  at  temperatures  of  31-36*  correspond  to  n-pentane,  the  90—98* 
fractions  to  n-heptane,  and  the  118-120*  fractions  to  n-nonane.  The  other  fractions  are  evidently  mixtures 
of  hydrocarbons  of  normal  and  iso  structures. 
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SUMMARY 


1.  Ketones  (acetone,  methylpropyl  ketone,  methylisobutyl  ketone,  dipropyl  ketone  and  higher  ketones) 
are  fonned  fran  ethyl  alcohol  at  300-350*  and  pressures  not  exceeding  5  atm.  over  copper  activated  catalyst. 

2.  At  pressures  of  20- 160  atm.  and  temperatures  of  350-400**0  formation  was  established  of  saturated 
hydrocarbons  with  the  same  number  of  carbon  atoms  in  the  chain  as  the  corresponding  ketones  obtained  with¬ 
out  pressure. 

3.  At  pressures  of  10—20  atm.  the  main  reaction  products  are  higher  hydrocarbons:  n-heptane,  octanes, 
n-nonane,  etc.;  at  pressures  above  20  atm.  lower  hydrocarbons  are  mainly  formed  (propane  and  n-pentane). 

4.  The  experimental  data  justify  the  conclusion  that  formation  of  saturated  hydrocarbons  from  ethyl 
alcohol  is  preceded  by  the  stages  of  formation  of  aldols  and  ketones. 
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CATALYTIC  TRANSFORMATIONS  OF  1  -  M  E  T  H  YL  -  1  -  C  YC  LOP  EN  T  YL  -  C  YCLOH  EX  A  NE 


IN  PRESENCE  OF  PLATINIZED  CARBON 


S.  I.  Khromov,  O.  V.  Bragin  and  E.  S.  Balenkova 


In  a  series  of  papers  on  the  behavior  of  some  gem-methylalkylcyclohexanes  under  conditions  of  de¬ 
hydrogenation  catalysis,  we  previously  established  that  gem-methylalkylcyclohexanes  undergo  dehydrogenation 
with  formation  of  toluene  and  the  corresponding  monoalkylbenzene.  At  the  same  time  o-  and  m -xylenes  were 
formed  due  to  methylation  of  the  toluene  resulting  from  the  catalysis  [1]. 

With  the  objective  of  further  clarifying  the  characteristic  features  of  the  behavior  of  gem -substituted 
cyclohexane  hydrocarbons,  we  decided  to  study  the  behavior  under  conditions  of  dehydrogenating  catalysis  of 
gem-methylcyclopentylcyclohexane;  the  latter  is  a  disubstituted  hexamethylene  hydrocarbon  in  which  one  of 
the  geminal  radicals  is  the  pentamethylene  radical.  For  this  purpose  the  synthesized  1-methyl-l-cyclopentyl- 
cyclohexane  was  brought  into  contact  at  320°  with  lO^o  platinized  carbon.  The  catalyzate  mixture  was  sub¬ 
jected  to  chromatographic  adsorption  on  silica  gel  wherby  unreacted  original  hydrocarbon  was  separated  from 
the  aromatic  hydrocarbons  formed;  the  latter  were  fractionally  distilled  in  a  column.  The  compositions  of  the 
individual  fractions  were  established  by  oxidation  with  aqueous  permanganate  solution. 

On  the  basis  of  the  physical  constants  of  the  individual  fractions  of  the  aromatic  portion  of  the  cataly¬ 
zate  and  of  the  results  of  their  chemical  analysis,  some  conclusions  were  drawn  about  die  composition  of  the 
catalyzate  and  about  the  directions  of  the  transformations  of  1- methyl- 1-cycLopentylcyclohexane  under  our 
selected  conditions. 

The  composition  of  the  mixture  of  aromatics  obtained  by  catalytic  transformation  of  1-methyl- 1- 
cyclopentylcyclohexane  over  platinized  carbon  is  roughly  as  follows:  toluene  ~  6*70,  amylbenzene  ~9®7o,  phenyl- 
cyclopentane  ~  68*70,  a-methylnaphthalene  ~  n°]o. 

The  directions  oflthe  reactions  of  catalytic  transformations  of  1-methyl- 1-cyclopentylcyclohexane  can 
be  represented  by  the  scheme: 


Formation  of  a-methylnaphthalene  can  be  accounted  for  by  the  following  secondary  transformations 
of  the  amylbenzene  formed: 


1939 


Under  experimental  conditions  similar  to  ours,  S.  R.  Seigienko  also  reported  dehydrogenation  of 
isoamylbenzene  to  6-methylnaphthalene  [2]. 

The  above  reaction  scheme  and  the  results  of  catalytic  transformation  of  1-methyl- 1-cyclopentyl- 
cyclohexane  point  to  the  occurrence  of  several  reactions  under  our  selected  experimental  conditions:  Firstly, 
the  original  hydrocarbon  is  dehydrogenated  and  hydrogen  atoms  are  split  off  not  only  in  the  hexamethylene 
ring  but  also  from  one  of  the  geminal  alkyl  groups.  The  methyl  groups  are  preferentially  cleaved  and  this 
reaction  gives  phenylcyclopentane.  Secondly  the  five -mem bered  ring  of  phenylcyclopentane  undergoes  hy- 
drogenolysis  to  give  a  mixture  of  isomeric  amylbenzenes.  Finally,  under  the  conditions  of  dehydroganation 
catalysis,  the  amylbenzenes  undergo  dehydrocyclization  to  form  a-methylnaphthalene. 

EXPERIMENTAL 

Synthesis  of  1  -  m  ethyl  -  1  -  c  yclopenty  Icy  c  lohex  ane 

To  an  ethereal  solution  of  magnesium  cyclopentyl  chloride  was  added  mercuric  chloride,  and  an 
ethereal  solution  of  1-chloro-l-methylcyclohexane  was  slowly  introduced.  The  reaction  mixture  was  heated 
at  the  boiling  point  of  ether  for  about  20  hours;  the  main  bulk  of  ether  was  then  distilled  off  and  dry  toluene 
was  run  into  the  flask;  the  mixture  was  then  heated  15  hours  at  the  boiling  point  of  toluene.  The  reaction 
mixture  was  then  decomposed  with  cold,  acidified  water;  after  driving  off  the  ether  and  toluene,  the  residue 
was  boiled  with  metallic  sodium  before  fractioning  in  vacuum. 

35.5  g  (6.5%)  1-methyl-l-cyclopentylcyclohexane  was  obtained. 

B.p.  95-96*  (12  mm),  ng  1.4830,  4®  0.8852,  MRjj  53.53;Calcd.  53.22. 

Found  %:  C  86.86,  86.71;  H  13.20,  13.16.  CaHa.  Calcd.  %:  C  86.74;  H  13.26. 

1 -Methyl- 1-cyclopentylcyclohexane  has  tu)t  been  described  in  the  literature. 

Catalytic  transformations  of  1  -  methyl- 1  -  cyclopenty  Icy  clohex  ane 

35.5  g  of  the  hydrocarbon  was  passed  over  10%  platinized  carbon  at  320*  (without  a  carrier  gas)  at  a 
space  velocity  of  0.2.  Results  of  the  experiments  are  detailed  in  the  table. 

TABLE  The  gaseous  products  of  reaction  were  analyzed 

in  a  VT? apparatus.  Results  of  gas  anaylsis:  1%  94.8%, 
CH4  5.0%. 

The  catalyzate,  a  colorless  liquid  weighing 

31.6  g,  was  subjected  to  chromatographic  adsorption 
on  silica  gel  for  separation  of  the  aromatics  formed  in 
the  reaction  from  the  umeacted  1-methyl- 1-cyclopentyl- 
cyclohexane,  Distillation  of  the  naphthenic  fraction 
separated  by  chromatography  gave  20.7  g  of  the  original 
1-  methyl-  1-cyclopentylcyclohexane. 

The  aromatic  fraction  of  the  catalyzate,  obtained 
by  chromatographic  adsorption  in  amount  of  10.5  g  (38%  of  the  total  weight  of  catalyzate),  was  fractionated  in 
a  column  (at  740  mm). 

Fractions  obtained:  1st  109-114*,  n”  1.4970,  d|®  0.8663;  4,7%;  2nd  114-185*,  n^  1.4903,  1.9%; 

3rd  185-203*,  nJJ  1.4881,  4*  0.8605,  7.2%;  4th  203-214*,  ng  1.4833,  1.9%;  5th  214-2ir,  ng  1.5312,  4® 
0.9515,  59.0%;  6th  217-235*,  ng  1.5395,  2.8%;  7th  235  -  242*,  ng  1.6160,  4®  0.9993,  16.7%. 

Comparison  of  the  constants  of  the  1st  fraction  with  the  literature  data  for  toluene  shows  that  it  con¬ 
sists  mainly  of  toluene.  Nitration  of  this  fraction  gave  a  nitro  compound  with  m.p.  69*.  A  mixed  melting  test 
with  2,4-dinitrotoluene  did  not  give  a  depression. 

3rd  fraction.  Oxidation  of  the  3rd  fraction  with  aqueous  potassium  permanganate  gave  benzoic  acid, 
thus  confirming  that  it  contained  only  monoalkylbenzenes.  Comparison  of  the  constants  of  this  fraction  with 
the  constants  of  some  isomers  of  amylbenzene  [3,  4]  shows  that  their  properties  are  identical. 
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5th  fraction.  Oxidation  gave  only  benzoic  acid.  The  physical  properties  of  the  5tn  fraction  are  very 
similar  to  those  of  phenylcyclopentane  for  which  N.  D.  Zelinsky  and  1,  N.  Titz  [5]  report:  b.p.  215—217* 

(760  mm),  ng  1.5305,  4*  0.9503. 

7th  fraction.  Treatment  with  picric  acid  brings  down  a  yellow  crystalline  picrate  with  m.p.  140*. 
Judging  by  the  physical  properties  and  the  ability  to  form  a  picrate,  this  haction  consists  mainly  of  a-tnethyl- 
naphthalene. 

Literature  data  for  a-methylnaphthalene:  picrate,  m.p.  141-142“  [7];  b.p.  121-123*  (20  mm),  ng 
1.6173,  4*  1.0120  [6]. 


SUMMARY 

A  study  was  made  of  the  catalytic  transformations  of  1-methyl- 1-cyclopentylcyclohexane  in  presence 
of  platinized  carbon  at  320*;  it  was  established  that  the  reactions  proceed  with  formation  of  phenylcyclopcnt.inc, 
toluene,  isomeric  amylbenzenes  and  a-methylnaphthalene. 
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ISOMERIZATION  OF  UNSATURATED  HYDROCARBONS  BY  THE  ACTION  OF 


CALCIUM  AMIDE 

I.  V.  Gostunskaya  and  B.  A.  Kazansky 


B.  A.  Kazansky  and  co-workers  [1-3],  in  a  study  of  the  reduction  of  aromatic  and  diene  hydrocarbons 
with  the  help  of  calcium  amminerwhich  breaks  down  according  to  the  equation  Ca(NHg)j  — ►  Ca(NHg)j  +  4NHs  + 

+  Hj[4,  5],  -  observed  that  diene  hydrocarbons  not  possessing  a  conjugated  system  of  double  bonds  give  the  same 
reaction  products  as  are  obtained  by  reduction  of  their  isomeric  conjugated  dienes.  The  authors  advanced  the 
hypothesis  that  isomerization  [3]  of  the  hydrocarbon  preceds  reduction  and  they  confirmed  this  by  the  isolation, 
for  example  In  the  reduction  of  diisobutylene  (2,5-dimethylhexadiene-l,5),  of  diisocrotyl  (2,5-dimethylhexandiene 
2,4)  as  intermediate  product,  the  latter  possessing  a  conjugated  system  of  double  bonds  [3]. 

The  present  work  was  undertaken  for  the  purpose  of  further  study  of  this  phenomenon.  We  showed  that 
the  isomerizing  agent  is  not  calciumammine  itself  but  the  product  of  its  breakdown  —  calcium  amide;  we  were 
the  first  to  observe  the  isomerizing  action  of  calcium  amide  on  olefinic  hydrocarbons;  cases  are  known,  however, 
of  the  isomerization  of  multiple  bonds  in  hydrocarbons  of  various  classes  by  the  action  of  sodium  and  potassium 
amides.  For  example,  2-heptyne  and  3-heptyne  isomerize  to  1-heptyne  in  good  yield  in  presence  of  sodium 
amide  at  a  temperature  of  160-170“  [6]. 

With  excess  sodium  amide  at  about  140“,  hexadiene-1,2  and  5-methylhexadiene-l,2  form  the  sodium 
derivatives  of  alkynes-1  [7].  4-Cyclohexylbutyne-2,5-cyclohexylpentyne-2  and  6-cyclohexylhexyne-2,  in 
presence  of  sodium  amide  at  160",  likewise  isomerize  to  the  corresponding  cyclohexylalkynes-l-[8]. 

In  all  the  cases  cited  above,  isomerization  with  sodium  amide  proceeds  at  elevated  temperatures;  in 
liquid  ammonia  solution  the  isomerization  also  goes  at  low  temperatures.  Thus  Huckel  and  Bretschneider  [9] 
observed  the  isomerizing  action  of  a  solution  of  sodium  amide  in  liquid  ammonia  on  1,4- dihydronaphthalene 
which  at  — 70“  was  wholly  converted  into  3,4-dihydronaphthalene. 

The  isomerizing  action  of  potassium  amide  at  low  temperatures  was  observed  by  Shatenshtein  and  co¬ 
workers  [10]  when  studying  the  lability  of  hydrogen  in  aliphatic  hydrocarbons  in  deuterium  exchange  reactions 
when  acting  on  them  with  deuteroammonia  in  presence  of  potassium  amide  as  a  catalyst  for  the  exchange  re¬ 
action.  Under  these  conditions  a -olefins  (pentene-l,  hexene -1  and  octene-1)  isomerized  to  olefins  with  double 
bonds  more  distant  from  the  end  of  the  hydrocarbon  chain.  Under  these  conditions  diallyl  (1,5-hexadiene)  iso¬ 
merized  to  dipropenyl  2,4-hexadiene  which  polymerized  in  presence  of  potassium  amide. 

We  studied  the  isomerizing  action  of  calcium  amide  on  mono-  and  diolefins  at  theii  boiling  points. 
Isomerization  of  monoolefins  resulted  in  shifting  of  the  double  bond  to  the  center  of  the  molecule;  the  extent 
of  this  transformation  depends  upon  the  structure  of  the  original  hydrocarbon;  2-methylbutene-l  and  3-methyl- 
butene- 1  were  nearly  completely  transfromed  into  2-methylbutene-2;  2-methylbutene-2  remained  unchanged 
under  the  conditions  employed;  2-methylhexene-2  only  partly  isomerized  to  hydrocarbons  whose  structure  was 
not  established. 

The  diolefinic  hydrocarbons  hexadiene-1,5,  2-methylhexadiene-l,5  and  2,5-dimethylhexadiene-l,5, 
with  double  bonds  far  apart,  easily  isomerized  to  diolefins  containing  a  system  of  conjugated  double  bonds  to 
the  extent  of  about  90*55).  This  reaction  can  serve  as  a  convenient  preparative  method  for  conjugated  dienes, 
starting  from  dienes  whose  double  bonds  are  far  apart. 

Investigation  of  the  optimum  conditions  of  isomerization  showed  that  this  reaction  goes  with  appreciable 
velocity  in  the  absence  of  solvents  only  when  heated,  although  there  is  no  doubt  that  under  the  conditions  of  re¬ 
duction  of  hydrocarbons  with  well-spaced  double  bonds  such  as  diisobutylene  [3,  11],  i.e.  at  0-10“  or  room  tem¬ 
perature,  the  isomerization  (which  precedes  reduction)  goes  without  heating.  This  phenomenon  can  evidently 
be  explained  by  a  shift  of  the  equilibrium  to  the  right: 
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H,C=C- H,C- CH,- C=CHj 


5=^  CHs-C=GH-CH=C-CHs 

•  I  I  i 

CHj  CHj  CHj  CHs 

due  to  the  removal  of  diisocrotyl  from  the  sphere  of  the  reaction  by  reduction,  or  to  the  presence  of  hydrogen 
which  facilitates  the  Isomerization. 

In  the  experiments  carried  out  in  this  work,  isomerization  was  effected  by  gentle  boiling  of  the  hy¬ 
drocarbon  mixture,  but  the  possibility  of  carrying  out  this  reaction  at  lower  temperatures  is  not  excluded. 

It  was  ascertained  that  about  0.35  mole  calcium  amide  per  mole  of  diene  was  adequate  for  isomer¬ 
ization  of  diene  hydrocarbons. 

EXPERIMENTAL 

Preparation  of  calcium  amide.  A  weighed  amount  of  metallic  calcium  was  treated  with  dry  ammonia 
under  cooling  at  —5  to  —10*  for  4  hours.  As  preliminary  experiments  with  suspended  products  of  addition  of  cal¬ 
cium  to  ammonia  showed,  under  such  conditions  rather  more  than  5  molecules  of  ammonia  combine,  after  which 
there  is  no  further  increase  in  weight.  The  reason  is  that  partial  decomposition  of  the  calcium  ammine  proceeds 
side  by  side  with  the  addition  of  ammonia  (see  equation  above). 

The  prepared  calcium  ammine  was  left  for  several  days  in  a  flask  from  which  external  moisture  was 
excluded  by  a  tube  filled  with  solid  potassium  hydroxide.  After  three  days  the  calcium  ammine  was  transformed 
into  calcium  amide  in  99%  yield  as  evident  from  the  data  of  Table  1. 

TABLE  1 


Weight  of  products  of  decomposition  of  calcium  I 

Calculated  amount 

Yield  of 

Weight  of 

Weight  of 

ammine 

(ing) 

of  amide  (in  g) 

amide  (in  °}o) 

Ca  (in  g) 

CafNH,), 

after 

after 

after 

after 

after 

(in  g) 

1  day 

2  days 

3  days 

4  days 

18  days 

5.0 

15.9 

10.9 

9.9 

8.9 

8.9 

8.9 

9.0 

99 

5.0 

15.7 

11.2 

10.0 

9.0 

8.9 

8.9 

9.0 

99 

Procedure  for  isomerization  experiments.  The  reaction  was  carried  out  either  in  a  catalytic 
tube  (with  or  without  heating)  or  in  a  round-bottom  flask  with  a  reflux  condenser.  In  the  latter  case,  after 
heating  of  the  reaction  mixture  for  1—2  hours,  the  reaction  products  were  distilled  from  the  reaction  flask. 

The  composition  of  the  products  of  isomerization  was  investigated  by  two  methods:  when  large  amounts  of 
hydrocarbons  were  subjected  to  isomerization,  the  mixture  obtained  was  fractionated  in  a  column  and  the  in¬ 
dividual  hydrocarbons  were  collected  and  their  specific  gravity  and  refractive  index  were  determined.  When 
not  more  than  5  to  10  ml  of  hydrocarbon  was  taken  in  an  experiment,  the  extent  of  their  polymerization  was 
evaluated  from  the  change  in  refractive  index  of  the  mixture. 

Isomerization  of  mono-olefinic  hydrocarbons.  a)  Isomerization  of  3- methylbutene-1,  2- methyl - 
butene-2  and  2-methylbutene-l.  The  first  two  amylenes  were  obtained  by  dehydration  of  isoamyl  alcohol  over 
alumina;  2-methylbutene-l  was  separated  from  the  products  of  incomplete  hydrogenation  of  isoprene.  After 
distillation  in  a  column  of  70  theoretical  plates,  the  olefins  possessed  the  properties  shown  in  Table  2.  The 
same  table  contains  literature  data  for  isopentenes. 

TABLE  2 


Hydrocarbon 

Constants  of  synthesized  hydrocarbons 

Literature  data  [12] 

Boiling  point 
at  760  mm 

Boiling  point 
at  760  mm 

n*® 

5  3 -Methylbutene-1 

1.3648 

0.6296 

20.06* 

1.3643 

0.6272 

6  2  -  Methy Ibutene  - 1 

31.2 

1.3784 

31.16 

1.3778 

0.6504 

7  2-Methylbutene-2 

38.5 

1.3881 

0.6613 

38.53 

1.3874 

Isomerization  was  performed  with  a  calcium  amide/ hydrocarbon  molar  ratio  of  2:1  with  gentle  boil¬ 
ing  of  the  olefins  for  2  hours. 


The  catalyzates  had  the  following  properties:  n^J  dj,® 

Product  of  isomerization  of  3-methylbutene-l  1,3810  0.6523 

"  "  2-methylbutene-l  1.3870  0.6597 

"  "  2-methylbutene-2  1,3878  0.6610 


2-MethyIbutene-2  was  substantially  unchanged  under  the  experimental  conditions,  while  3-methyl¬ 
butene-l  and  2-methylbutene-l  were  nearly  entirely  transformed  into  2-methylbutene-2. 

Isomerization  of  2-methylhexene-2.  The  starting  2-methylhexene-2  was  obtained  by  pariica!  reduction  of 
2-methylhexadiene-2.4  with  calcium  amide.  After  distillation  in  a  6olumn  of  70  theoretical  plates  the  hydro¬ 
carbon  had  the  constants: 

B.p.  94.6’  at  760  mm.  ng  1.4100.  4®  0.7080.  Uterature  data  [13]:  b.p.  95.0  (760  mm),  ng  1.4075. 

4®  0.7089. 

For  the  isomerization  ,14  ml  (9.8  g)  hydrocarbon  and  29  g  calcium  amide  were  taken.  After  heating 
at  the  boil  for  2  hours,  13  ml  catalyzate  was  distilled  with  ng  1.4070  and  4®  0.7049.  Fractionation  in  a 
column  gave  two  fractions:lst  5  ml  with  b.p.  86.5-94.5*,  ng  1.4050,  4®  0.6999,  and  2nd  7  ml  with  b.p.  94.5*, 
ng  1.4098,  4®  0.7082. 

The  second  fraction  contained  unchanged  original  hydrocarbon,  while  the  1st  fraction  was  a  mixture 
of  original  olefin  and  prducts  of  isomerization  with  lower  constants  than  the  original  hydrocarbon;  the  content 
of  the  latter,  judging  by  the  constants  of  the  fraction,  was  low. 

Isomerization  of  diolefinic  hydrocarbons.  The  starting  hexadiene-1.5,  2-methylhexadiene-l,5  and 
2,5-dimethylhexadiene-l,5  were  obtained  by  reaction  between  allyl  chloride  and  methallyl  chloride  in  pre¬ 
sence  of  magnesium  in  ether  solution.  The  constants  of  the  dienes  obtained  and  the  literature  data  for  them 
are  set  forth  in  Table  3. 

a)  Isomerization  of  hexadiene- 1,5.  26.7  g  calcium  amide  and  33  ml  (23  g)  diene  were  taken.  After 
refluxing  for  2  hours  in  a  flask.  30  ml  catalyzate  with  ng  1.4520  was  distilled  off.  Fractionation  of  25  ml 
catalyzate  in  a  column  of  70  theoretical  plates  gave  two  fractions: 

1st  3.8  ml.  b.p.  68.5'  (760  mm),  ng  1.4340  ;  2nd  18.0  ml,  b.p.  82.0'  (760  mm),  ng  1.4535  ;  4®  0.7177; 
residue  2.5  ml,  ng  1.44540. 

Losses  in  the  column  packing  amounted  to  0.7  ml. 

The  2nd  fraction,  the  still  residue  and  the  losses  in  the  column  packing  amounted  to  86%  of  the  vol¬ 
ume  of  catalyzate;  they  consisted  of  dipropenyl,  a  product  of  isomerization  of  hexadiene- 1,5  whose  constants 
are  given  in  Table  4. 

TABLE  3 


Hydrocarbon 

5  Hexadiene- 1,5  (diallyl) 

6  2-Merhylhexadiene- 1,5 

7  2,5-Dimethylhexadiene- 


Constants  of  synthesized  hydrocarbons 
Boiling  point 
at  760  mm 


59.2' 
89.1 
1.5  114.4 


0.6935 
0.7202 
.  0.7447 


Literature  data 


1.4040 

1.4184 

1.4293 


[14] 

4® 

0.6916 

0.7198 

0.7423 


The  1st  fraction  consists  of  a  mixture  of  the  original  diallyl  and  dipropenyl. 

\ 

b)  Isomerization  of  2-methylhexadiene-l,5.  35.5  g  calcium  amide  and  90  g  (125  ml)  hydrocarbon 
were  taken.  Heating  of  the  mixture  for  2  hours  at  the  boil  gave  120  ml  catalyzate  with  ng  1.4665, 
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Fractional  distillation  of  the  catalyzate  in  a  column  of  70  theoretical  plates  gave  the  following 

fractions: 

1st  14.0  ml,  b.p.  92-111.6^  ng  1.4525  ;  2nd  100.0  ml,  b.p.  111.6*.  ng  1.4684,  4®  0.7448;  residue 
4.0  ml.  ng  1.4685;  losses  2.0  ml. 

The  2nd  fraction,  the  still  residue  and  losses  in  the  column  packing  (about  1  ml),  consisting  of 
2-methylhexadiene-2,4  (Table  4),  made  up  87<7oof  the  volume  of  catalyzate.  The  1st  fraction  likewise  con¬ 
tains  mainly  the  product  of  isomerization  with  a  small  admixture  of  original  diene. 

c)  Isomerization  of  2,5-dimethylhexadiene- 1,5.  26  g  calcium  amide  and  22,8  g  (30  ml)  diisobutyl¬ 
ene  were  taken  for  isomerization.  Refluxing  for  1-^  hours  in  a  round- bottomed  flask  gave  27  ml  catalyzate 
with  ng  1.4715.  Fractional  distillation  in  a  column  of  70  theoretical  plates  gave  the  following  fractions: 

1st  2.2  ml,  b.p.  100- 114*.  ng  1.4255;  2nd  3.5  ml,  b.p.  114-134.r,  ng  1.4430;  3rd  17.0  ml.  b.p. 
134.7*,  1.4782,  <^®  0.7642;  residue  3.0  ml,  ng  1.4798;  losses  In  column  1.3  ml. 

The  3rd  fraction,  the  still  residue  and  the  losses  in  the  column  packing  totalled  21  ml,  representing 
80<J{>of  the  volume  of  caulyzate  taken  for  fractional  distillation;  it  was  diisocrotyl  (Table  4),  The  2nd  frac¬ 
tion  contained  a  mixture  of  the  original  diisobutylene  with  diisocrotyl.  The  first  fraction,  boiling  below  the 
original  diene,  contained  reaction  products  that  were  not  identified. 

Determination  of  optimum  conditions  of  isomerization.  The  starting  hydrocarbon  was  diisobutylene 
with  the  constants  detailed  in  Table  3. 

a)  Influence  of  temperature.  Experiments  were  carried  out  in  a  flask  at  the  boiling  point  of  the  hy¬ 
drocarbon  mixture  and  in  a  catalytic  tube  with  and  without  heating.  Results  are  presented  in  Table  5. 

TABLE  4 


Hydrocarbon 

Boiling  point 

“n 

3  Hexadiene-2,4  (dipropenyl)  [15] 

82,0* 

1.4535 

0.7142 

4  2-Metiiylhexadiene-2,4  [16] 

111.5 

1.4680 

0.7449 

5  2,5-Dimethylhexadiene-2,4  [16] 

134.5 

1.4781 

0.7615 

TABLE  5 


Diene 

taken 
(in  ml) 

Temperature 
of  experiment 

Catalyzate  ob¬ 
tained  (in  ml) 

ng  of 
catalyzate 

Percent  iso¬ 
merization 

Apparatus 

5.0 

19* 

3.5 

1.4304 

0 

> 

i 

5.0 

18 

3.5 

1.4300 

0 

1 

1 

,  Catalytic  tube 

3.5 

150 

2,0 

1.4676 

76.2 

J 

5.0 

150 

3.6 

1.4698 

82.0 

Flask 

At  room  temperature  diisobutylene  does  not  isomerize. 

b)  Influence  of  duration  of  contact  band  of  the  amount  of  amide.  Experiments  were  conducted  in  a 
flask.  Results  ate  presented  in  Table  6. 

Comparison  of  the  results  of  the  experiments  (Table  6)  shows  that  under  otherwise  identical  conditions 
a  decrease  in  the  duration  of  contact  from  2  hours  to  1  hour  favourably  influences  the  yield  of  diisocrotyl,  evi¬ 
dently  due  to  suppression  to  some  extent  of  any  side  reactions.  The  comparison  also  shows  that  reduction  in 
the  amount  of  amide  to  0.33  mole  per  mole  hydrocarbon  does  not  reduce  the  yield  of  diisocrotyl. 
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TABLE  6 


Amount  of  di- 
sobutylene 

Amount  of 
amide  (in  g) 

Ratio  of 

Ca(NH3)|:  C3H14 
(in  moles) 

Duration 

of  contact 
(hours) 

Amount  of 
catalyzate 
(in  ml) 

-S 

Percent  of  iso¬ 
merization 

in  ml) 

(in  g) 

15.0 

11.4 

26.0 

3.6 

2 

13.0 

1.4685 

80.0 

15.0 

11.4 

26.0 

3.6 

1 

13.5 

1.4745 

91.0 

11.4 

8.5 

1,7 

0.33 

1 

10.0 

1.4732 

89.0 

11.4 

8.5 

1.7 

0.33 

1 

10.0 

1.4741 

90.0 

SUMMARY 

1,  A  study  was  made  of  the  isomerizing  action  of  calcium  amide,  obtained  by  the  spontaneous 
breakdown  of  calcium  ammine,  on  mono-  and  diolefinic  hydrocarbons  at  the  boiling  points  of  the  hydrocarbons. 

The  main  directiomof  isomerization  of  the  investigated  monoolefins  was  translocation  of  the  double 
bond  to  the  center  of  the  molecule,  the  extent  of  this  conversion  depending  upon  the  structure  of  the  start¬ 
ing  molecule. 

3.  Diolefinic  hydrocarbons  whose  double  bonds  are  far  apart  are  easily  isomerized  by  calcium  amide 
to  form  dienes  with  conjugated  double  bonds;  this  reaction  can  serve  for  the  preparation  of  conjugated  dienes. 

LITERATURE  CITED 

[1]  B.  A.  Kazansky  and  N.  V.  Smirnova,  Bull.  Acad.  Sci.  USSR,  Div.  Math,  and  Nat.  Sci.,  1937,  547. 

[2]  B.  A.  Kazansky  and  N.  F.  Glushnev,  J.  Gen.  Chem.,  8,  642  (1937). 

[3]  B.  A.  Kazansky  and  N.  F.  Glushnev,  Bull.  Acad.  Sci.  USSR,  Div,  Math,  and  Nat.  Sci.,  1938,  1065. 

[4]  W.  Biltz  and  G.  Huttig,  Z  allg.  anorg.  Chem.,  114,  241  (1920). 

[5]  E.  Botolfsen,  Ann.  Chim.,  (9)  18,  5  (1922);  Bull.  Soc.  Chim.,  (4)  31,  561  (1922). 

[6]  H.  H.  Guest.  J,  Am.  Chem.  Soc.,  50,  1744  (1928), 

[7]  M.  Bouis,  Ann.  Chim.,  (10)  9,  403  (1928). 

[8]  M.  Bourguel,  Ann,  Chim.,  3,  325  (1925);  Comptes  rend.,  179  ,  686  (1924). 

[9]  W.  Huckel  and  H.  Bretschneider,  Ann.,  540,  172  (1939). 

[10]  A.  1.  Shatenshtein,  L.  N.  Vasilyeva,  N.  M.  Dykhno  and  E.  A.  Izrailevich,  Proc.  Acad.  Sci.  USSR, 
85,  381  (1952). 

[11]  B.  A.  Kazandky  and  I.  V.  Gostunskaya,  Proc.  Acad.  Sci,  USSR,  76,  407  (1951), 

[12]  Selected  Values  of  Properties  of  Hydrocarbons.  Washington  (1947). 

[13]  F.  J,  Soday  and  C.  E,  Boord,  J,  Am.  Chem.  Soc.,  55,  3293  (1933). 

[14]  A.  Henne,  H.  Chanan  and  A.  Turk,  J.  Am.  Chem,  Soc,,  63,  3474  (1941). 

[15]  A.  Henne  and  H.  Chanan,  J,  Am.  Chem.  Soc.,  66,  395  (1944), 

[16]  A.  Henne  and  A.  Turk,  J.  Am.  Chem.  Soc.,  64,  280  (1942). 


Received  October  23,  1954 


Moscow  State  University 


1947 


uotstwO  lo  oiSBM  re  jnaofuA 

sjcs^ttie?  i  Jsrforg^r  lo  (j  nj) 


^* ■■■■'■ --ly  '4'"  ’^■‘■'b.M  1  i  ll  iM 

§  O.wSi-iiiaalMKy^  >#;K'j:«i£a*.V.*‘-7H'-'-i’...  •■■'  ••  ’'*•*  '4  ‘.r'.l  '•  ikw  :'  i 

ttet  yjy.  UMc.  I  fc>  tywyij:  -t  yt>t*  ^  1>»  I|tt:.»-.^  ..irvi*  ■•,  it' | 

‘P  WiC,  "^1,4735.  iHacl.i-i-*' U  «  -O'  ''i  v  •  . '.  ftJl’e^nL'  ,.  '.  •  ■,;-  • 


^^p'44  ^  lu.'t.J,  nci.  Sr  (V  "i'A--  .-7  .  ■'/.-  „  \  ■• 

^wixh*»crf>Tri 

ra’  5«i>  jnacjca* »}«’  .  jnj*»i ?>*'  ^  «:  ,«Jm-  -i  ■ 

4-  _  •r»rf^i.  r*r»v:*=«;0  tliAT  -fW.  ‘-'i  .eB'  .»lB09i0;<* 

■■BQa''’;'  '*• 


r&  ?<j# wr *vm  ffti-i  it:??  .eUtwid iytti*  tifejsaotnco  rttfv  w.';j!»?t>  .ttiot  ra 

■  ♦'•  i'»'??:t?f5i/'-  '-■'^  >?.-»! Si« Slat. -i.  -•  «?'.-■. ^  .-.:!  ii>  t*  ’'ntuk  l<  Hv<;  •  -;  fe-y 

:W^''’4be««^ie»rres.^  ^•■.  ui  •■  t^3 74,  >&  7iti0 


I  Jxj*  ^  !tj3B7fc>i  .A  .«  ft> 

.(fSSI )  £Aa  .ij  ,  msfT^  u»v'  I ,  •■:>«ia>’’*0  "  ,W  l*«f  “S*3I  A  .fJ  £~3 
' - - -  ..  .,;•  !,,■.  J,*»i’..:rf  rfiJKt  <-i?  ht-«4  Hl.iC  V  •»J''!?id.t5  .'i  .k(  liilK  .'jirjKjitS-''^  A  l]t‘f~  ^ ., 


r  ABL£ 


4  '.<-»  *3  JIT* 

.(8Sen  #4-ri  .Of.  ..3<w  '  >'•*-  t  ish^o.h  h 

.1'  (Of.'  .;ttTlti3  JJfiA  .ilt'ofi  M  {71 


c  tian  .{9.•^^•if.^  t/  ni _  _ 

"  3®aifcJ«^A»o4  .301=?  >^i#»jUwT  4bna  wkj>(\'G  ,M  H  y  J  .0i?fH*.'»s’6p«l  ,1  .A  {01) 

r  i..»  \  .  ^ISS  ".-.  ^  j'  , 

SI?  I  .(ia€x)-^02-  .3^’’  JSl^M  loZ  .ooi*4  .jix A Wj!. ;«?,!.<».’>  »  fens  ■•A.i^  fill.crjt 

4f,^  I  *<47  ®.(?(>ei)irten’3ntite^ri  .iiR>?ia'w^iV»^  ^  **1*’^^^**'  ^"^■ 

.(Secf)  f‘§2e  ,36  ..oo?  .nBf>rft>  .ntA  .1  .vioAtl  3  fe/ib  'f.Soc.  i  .  ,*.tj 

:  Aiv»3i^  .A  oas  r-W-j}/ .!<  ..-sna-jH  .A  ^fet] 

t  -  .(2S8i>  08S  ,.oci£  .Jjiann  f.f»4  .?  .rfu'T  a  haa  ?s,t'??»H  A  [81 J 

‘  Cttoiq^rfjfc'o  ni'  fC$t<I<>s,4  lijr  'Tl’jk  i’:  <vfti?u‘c.;A 

1«  :*J*  <rf  -•-».!«<  r  :ri>rr.‘  2  ian-.  fr-^<>rir'''Ti  u  .  -.  *^-  .''■.r  ?4  ■j':'o♦■;■:>^V}.  «•.! 


<rf  r  :ri>rr.‘  2  “W;  fr-^<>rir'''Ti  u  .  -.  *^-  .''■.r  ?4  ■j':'o♦■;■:>^V}.  y.J 

c*'  sr.'jf  nAtt  f«.».i.  n4>t: .  '::■».  ■:<'>»'i ^>’*•''^*■*^4 
.tjA-;.-; j;  f,  «n»v<;  W  M.JkA  rTolf  f)4‘.:  Sv-.-lii  hy(*:.*;*4.'Ca5<l  \}i**  ib-’.  v.'  .;'  >■  i"!*!  '|*t.  aol  o£iaQcN>:V< 


•':  V.'  .;■  >■  i-itt  'pA-  ii0i  o£iaQcN>:>i 


o 


SYNTHESIS  OF  FARNESOL  AND  FARNESAL 

I.  K.  Sarycheva,  N.  G.  Moiozova.  V.  A.  Abiamo vich,  S.  A.  Brietburt, 
L.  F.  Sergienko  and  N.  A.  Preobrazhensky 


Farnesol  (2,6,10-trirnethyl-dodecatrien-2,  6,10-ol-12)  is  the  odorous  principle  of  the  flowers  of  lily- 
of-tlie-valley,  lime,  false  acacia  and  vegetable  musk  and  of  several  other  essential  oils. 

In  the  first  attempt  to  prepare  farnesol  [1]  the  starting  substance  was  natural  geraniol,  and  farnesol 
was  formed  by  successive  steps  of  condensation,  hydrolysis,  dehydration  and  reduction  (sodium  in  alcohol). 
Another  syndiesis  starts  from  geraniol  and  the  intermediates  are  geranyl  chloride,  a,B-dihydropseudoionone 
and  nerolidol  [2]. 

The  main  defect  of  these  semi -syntheses  is  the  variable  course  of  the  reactions  of  hydrogenation 
and  dehydration,  resulting  in  the  formation  of  a  complex  mixture  of  substances  with  a  very  small  content  of 
farnesol. 


In  the  present  paper  we  describe  for  the  first  time  a  complete  synthesis  of  farnesol.  The  main  in¬ 
termediate  product  of  this  synthesis  —  geranyl  chloride  —  wasobtained  by  two  molecules  starting  from  isoprene  and 
acetopropyl  alcohol  respectively. 

By  the  first  mediod  geranyl  chloride  was  obtained  from  geraniol  whose  synthesis  from  isoprene  we 
have  already  described  [3]. 


We  now  put  forward  a  new  method  of  preparation  of  geranyl  chloride: 

CHs 


CHjCOCHiCl^CHiOH 

CHj 

I 

— ^  CHj-C-CHiCHjCHjBr 
ir  (II) 

CHj  CH. 

ch,4= 


CHj  -  C  -  CHjCHjCl^OH 

OH  (I) 

CHj 

•  CHj-C=< 


CHCH2CH,-i-CH=CH2 
in 


(IV) 


=CHCHiCH8Br  — ► 

(lU) 

CHj  CHj 

I  I 

CHj  -  C=CHCl%CHg  -  C  ==CHCI^C1 
(V) 


Acetoproply  alcohol  is  converted  via  2-methylpentanediol-2,5  (1)  and  2,5-dibromo-2-methylpen- 
tane  (II)  into  5-bromo-2-methylpentene-2  (III)  {4],  which  is  then  condensed  with  B-hydroxyethylmethyl 
ketone  or  methylvinyl  ketone.  The  resultant  2,6-dimethyloctadien-2,7-ol-6,  i.e.  linalool  (IV),  is  transformed 
by  the  action  of  thionyl  chloride  or  hydrogen  chloride  into  geranyl  chloride  (V). 

The  subsequent  route  of  the  synthesis  of  farnesol  (IX)  includes  the  following  steps; 


CHj  CHj  CHj 

I  I  I 

CHj-C=CHCH2CH,-C=CHCH8CI^CO 

(VI) 


CH. 


CHj 


CH, 


(jIHj  v.nj 

=CHCI%Clt^- C=CHCI%CHj- C-CI^COOR 

in  (VII) 
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CH,  CHj  CHj 

— *•  CH3-C:=CHCHiCH2-C=CHCH2CHj-C=CHCOOR 

(VIII) 

CHj  CHj  CHj 

I  I  > 

— ►  CHj-C=CHCH8CH2-C— CHCI^CH,-C=CHCH*OH 

(IX) 

tt,6-Dihydropseudoionone  (VI)  is  obtained  by  known  method  by  condensation  of  geranyl  chloride  (V) 
with  acetoacetic  ester.  Condensation  of  (VI)  with  ethyl  chloroacetate  in  presence  of  magnesium  gives  ethyl 
farnesolate  (VIII)  which  is  reduced  to  farnesoI(IX)  with  lithium  aluminum  hydride. 

Treatment  of  the  synthesized  farnesol  with  acetyl  chloride  in  presence  of  pyridine  gave  farnesyl 
acetate  (X),  while  oxidation  with  activated  manganese  dioxide  gave  farnesal  (XI): 


CH,  -  C=CHCH2CHj  -  C=CHC1H^CH£C=CHCH8  OCOCHj 


(X) 


CH,  CH,  CH<; 

I  I  r 

CHs-C=CHCH|CHjC=CHCHsCHsC=CHCHO 

(XI) 


Like  farnesol,  farnesyl  acetate  and  farnesal  are  valuable  perfume  ingredients.  We  have  thus  achieved 
a  complete  synthesis  of  farnesol  and  farnesal  without  using  natural  compounds  as  starting  subsunces. 

We  may  also  point  out  that  we  have  studied  a  more  direct  method  of  preparation  of  a, S -dihydro  • 
pseudoionone(VI)  involving  condensation  of  2-methylhepten  -2-one  (XII)  with  ethyl  y-iodobutyrate  (XIII)  of 
y-iodopropylmethyl  ketone  (XIV)  of  y -lithium -propylmethyl  ketone  (XV): 


CH,  CH, 

I  I 

CH,-  C=CHCH2CH2C0 
(XU) 


+  iCHjCHjCHjCtXlR 
(XIII) 


<fH, 

CH,-  <:==chch2Ch,- 


:h, 

:=chci^ch2CC)Or 


ICHjCHjCHbCOCH, 

+  (XIV) 

LiCHjCHjCHjCOCH, 
(XV)  ^ 


my 


As  had  been  expected,  in  all  these  variants  the  yields  were  low  (maximum  20<7o)  due  to  the  existance 
of  numerous  possibilities  of  other  directions  of  the  reaction.  It  was  not  always  possible  to  isolate  the  required 
intermediate  from  the  mixture  of  condensation  products.  In  all  cases,  however,  the  end  product,  a,6-dihy- 
dropseudoionone  (VI),  was  identical  with  the  a,6 -dihydropseudoionone  obtained  from  geranyl  chloride  and 
acetoacetic  ester. 


route: 


We  also  effected  the  conversion  from  a,d-dihydropseudoionone  (VI)  to  farnesol  (IX)  by  the  following 


(VI) 


CH,  CH,  CH, 

+BrMgCsCOCj;H5  — ►  CH,-C=CHCH2CH2-C=CHCH2CH2-C-C=COC2H5  — > 

OH 

CH,  CH,  CH, 

^1  I  f 

— »•  CH,-C=CHCH2CH2-C=CHCH2CH2-C-CH=CH0C2H5  — (XI)  — ►  (IX). 


(XVI)  OH 


Employing  the  method  proposed  by  N.  A.  Preobrazhensky  and  V.  V.  Shokina  [5]  for  lengthening  the 
chain  of  ketones  and  aldehydes  by  the  group  ^CH-CHO  with  the  help  of  ethoxyacetylenemagnesium  bromide. 
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we  condensed  a,6-dihydropseudoionone  (VI)  with  ethoxyacetylenemagnesium  bromide  and  obtained,  via  the 
corresponding  intermediate  6 -substituted  vinyl  ether  (XVI),  farnesal  (XI)  in  a  total  yield  of  47%  reckoned  on 
(VI).  The  melting  point  of  the  semicarbazone  of  the  so-prepared  farnesal  did  not  give  a  depression  in  a  mixed 
test  with  the  semicarbazone  of  farnesal  obtained  by  oxidation  of  farnesol.  Farnesal  was  almost  quantitatively 
reduced  to  farnesol  (IX)  with  lithium  aluminum  hydride.  This  method  is  less  convenient  since  it  includes  a 
selective  hydrogenation  step. 


EXPERIMENTAL 

2-Methylpentadiol-2,5  (I).  To  the  Grignard  reagent  (cooled  to  0*),  prepared  from  47.42  g  magnesium 
and  278  g  methyl  iodide,  was  added  dropwise  in  the  course  of  2  hours  88  g  y-acetopropyl  alcohol  (b.p.  117—119° 
at  43  mm)  dissolved  in  100  ml  anhydrous  ether.  The  mixture  was  stood  for  8  hours  at  room  temperature,  then 
decomposed  with  crushed  ice  and  neutralized  with  20%  acetic  acid.  The  upper  layer  was  collected  and  the  aqueous 
layer  was  saturated  with  sodium  chloride  and  repeatedly  extracted  with  ethyl  acetate.  The  residue  after  removal 
of  the  solvent  was  distilled  in  vacuum  to  give  62.42  g  (51.4%).  Viscous,  light-yellow  liquid  with  a  characteristic 
odor. 

B.p.  126- 12r  (16  mm),  64®  0.9645,  ng  1.4492,  MRj)  32.89;  Calcd.  32.96. 

Found  %:  C  61.06;  H  11.82.  €^440^.  Calcd.  %:  C  60.98;  H  11.94. 

2.5- Dibromo-2-methylpentane  (II).  Into  21.2  g  2-methylpentanediol'-2,5  in  50  ml  anhydrous  ben¬ 
zene  was  run,  while  cooling  with  iced  water,  in  the  course  of  40  minutes.40.6  g  phosphorus  tribromide  dissolved 
in  40  ml  anhydrous  benzene.  The  reaction  mass  was  then  heated  for  3  hours  on  a  water  bath.  The  urueacted 
phosphorus  tribromide  was  decomposed  with  crushed  ice.  The  upper  layer  was  separated  and  washed  with  a 
little  water  until  neutral;  the  aqueous  layer  was  neutralized  with  saturated  sodium  bicarbonate  solution  and  ex¬ 
tracted  with  benzene.  The  solvent  was  distilled  off  from  the  combined  extracts  and  the  residue  distilled  in 
vacuum  to  give  24.56  g  (56.1%).  Colorless  liquid,  rapidly  darkening  in  the  light,  with  a  pleasant  odor. 

B.p.  94-95°  (40  mm).  4®  1.5400,  ng  1.4888,  MRp  45.72.  CgH^Brj.  Calcd.  45.44. 

5-Bromo-2-nicutylpentene-2  (III).  A  mixture  of  23.8  g  2,5-dihromo-2-methylpentane  and  7.8  g 
pyridine  was  heated  for  2  hours  in  a  low  vacuum  (150  mm)  to  60-  70*.  The  reaction  mass  was  cooled  and 
filtered.  The  precipitate  was  thoroughly  washed  with  anhydrous  ether.  The  solvent  was  distilled  off  and  the 
residue  distilled  in  vacuum  to  give  12.16  g  (76.4%).  Colorless  liquid  with  a  pleasant  odor;  rapidly  darkens  in 
the  light. 

B.p.  (100  mm),  dj®  1.2172,  ng  1.4720,  MRp  37.54.  CgH^Btf".  Calcd.  37.21. 

2.6- Dimethyloctadien  -2.7-ol-6  (linalool)  (IV).  Into  1.2  g  magnesium  coveted  with  10  ml  anhydrous 
ether  was  run  dropwise  a  solution  of  8  g  5-bromo-2-methylpentene-2  10  ml  anhydrous  ether.  The  reaction  was 
started  by  heating  the  mixture  on  a  water  bath.  To  the  reaction  product  (cooled  to  0°)  was  added  in  the  course 
of  30  minutes  3.43  g  methylvinyl  ketone  dissolved  in  40  ml  anhydrous  ether.  After  stirring  for  2  hours  at  room 
temperature,  the  reaction  mass  was  decomposed  with  crushed  ice  and  20%  acetic  acid  (litmus  test).  The  upper 
layer  was  then  collected  and  the  aqueous  layer  extracted  with  ether.  The  residue  after  removal  of  the  solvent 
was  distilled  in  vacuum. 

Yield  2.2  g  (29.3%).  Colorless  liquid  with  a  pleasant  floral  odor. 

B.p.l28-130°  (20  mm),  4*  0.8724,  ng  1.4625,  MRp  48.64;  Calcd.  48.97. 

Found  %:  C  77.52;  H  11.99.  CjjHijOf Calcd.%:  C  77.87;  H  11.76. 

Geranyl  chloride  (V).  Dry  hydrochloric  acid  was  passed  through  a  boiling  solution  of  100  g  linalool  in 
30  ml  anhydrous  toluene  for  2  hours.  The  reaction  mass  was  then  cooled  to  room  temperature  and  neutralized 
with  a  saturated  solution  of  sodium  bicarbonate.  The  upper  layer  was  collected.  The  residue  after  distillation 
of  the  toluene  was  distilled  in  vacuum.  Yield  98  g  (87.5%).  Colorless  liquid  with  a  characteristic  pleasant  odor. 

B.p.  105-110°  (17  mm),  4®  0.9315,  ng  1.4799,  MRj)  52.65;  Calcd.  52.31. 

Found  %:  c  69.31;  H  9.68.  CioHi/:ip,.  Calcd.  %:  C  69.55;  H  9.92. 
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a.6-Dihydropseudoionone  (VI).  Into  sodium  ethoxide,  prepared  from  11.73  g  sodium  and  200  ml 
anhydrous  ethyl  alcohol,  was  run  in  the  course  of  half  an  hour  66.37  g  freshly  distilled  acetoacetic  ester  (b.p. 
IIO"  at  80  mm).  After  1  hour,  88.08  g  geranyl  chloride  was  added  at  the  rate  of  24-30  drops  per  minute  and 
the  mass  was  heated  on  a  water  bath  until  neutral  (to  litmus).  150  ml  distilled  water  was  then  run  in  to  dis¬ 
solve  the  sodium  chloride  formed.  This  was  followed  by  42.9  g  barium  hydrate  and  the  mixture  was  boiled 
8  hours.  The  precipitated  barium  salt  of  geranyl-acetoacetic  ester  was  treated  with  20*70  hydrochloric  acid 
until  weakly  acid  (to  litmus).  The  upper  layer  was  separated  and  the  lower  layer  extracted  with  ether.  The 
solvent  was  driven  off  from  the  combined  extracts.  The  residue  was  distilled  in  vacuum.  Yield  of  a,B-di- 
hydiopseudoionone  78.9  g  (79.6*70). 

B.p.  136-138‘  (10  mm).  4*  0.8812,  ng  1.4690,  MRj)  61.41;  Calcd.  61.31. 

Found  *5b:  C  80.52;  H  11.13.  CuH»Op,.  Calcd.  *7>:  C  80.34;  H  11.41. 

Ethyl  ester  of  g -hydioxyhydrofarnesolic  acid  (VII).  Into  4.86  g  magnesium  In  10  ml  boiling  anhydrous 
benzene  was  run  a  mixture  of  38.86  g  a  ,3 -dihydropseudoionone  and  24.4  g  ethyl  chloroacetate  (b.p.  82°  at  100 
mm)  dissolved  in  20  ml  anhydrous  benzene.  After  addition  of  one-third  of  the  solution, the  start  of  reaction  was 
expected.  Further  addition  was  made  at  a  speed  such  that  the  mixture  boiled  gently.  The  reaction  mass  was 
afterwards  boiled  for  an  hour,  and  after  cooling  to  0*  it  was  decomposed  with  10*7o  acetic  acid.  The  benzene 
layer  was  separated  and  the  aqueous  layer  extracted  with  benzene.  The  combined  extracts  were  neutralized 
with  saturated  aqueous  sodium  bicarbonate  solution.  The  residue  after  removal  of  the  solvent  was  distilled  in 
vacuum:  b.p.  163— 170‘  at  12  mm.  Determination  of  active  hydrogen  by  the  Chugaev  —  Tserevitinov  method 
showed  that  dehydration  takes  place  during  the  reaction.  Without  further  purification,  the  substance  was  used 
for  preparation  of  the  ethyl  ester  of  farnesolic  acid. 

Ethyl  ester  of  farnesolic  acid  (VIII).  Into  a  solution  of  6.7  g  partially  dehydrated  ethyl  ester  of  8  -hy- 
droxydihydrofarnesolic  acid  (VII)  in  40  ml  anhydrous  benzene  was  run  dropwise  a  mixture  of  2.5  g  phosphorus 
oxychloride  and  16  ml  pyridine.  The  reaction  mixture  was  boiled  45  minutes,  and  after  cooling  it  was  run  into 
water.  The  separated  benzene  layer  was  neutralized  with  saturated  aqueous  sodium  bicarbonate  solution.  The 
solvent  was  distilled  off  and  the  residue  distilled  in  vacuum.  Yield  4.5  g. 

B.p.  162-164°  (10  mm),  d*®  0.9230,  njJ  1.4792,  MRjj  81.25;  Calcd.  80.96. 

Found  *7o;  C  77.42;  H  10.40.  Calcd.  *7o:  C  77.21;  H  10.67. 

Farnesol  (IX).  To  an  ethereal  solution  (cooled  to  —50°)  containing  0.38  g  lithium  aluminum  hydride 
was  added  2.6  g  ethyl  ester  of  farnesolic  acid  in  10  ml  anhydrous  ether  and  the  mixture  stirred  1  hour  at  —30°. 
The  excess  of  lithium  aluminum  hydride  was  then  carefully  decomposed  with  water.  The  precipitate  was 
filtered  and  thoroughly  washed  with  ether.  The  filtrate  was  extracted  with  ether.  The  residue  after  driving  off 
the  solvent  was  distilled  in  vacuum.  Yield  1.84  g  (84.0*7)).  An  oily,  light-yellow  liquid  with  a  characteristic 
floral  odor  when  heavily  diluted  with  alcohol. 

B.p,  142-143“  (2  mm),  d^®  0.9016,  n!5  1.4887,  MRp  71.21;  Calcd.  71.59. 

Found  *7o:  C  80.63;  H  11.34.  CisH^Oj^j.  Calcd.  *7o:  C  81.02;  H  11.79. 

Farnesyl  acetate  (X).  In  a  three-necked  flask,  fitted  with  stirrer,  reflux  condenser  and  dropping  funnel 
and  protected  against  atmospheric  moisture  by  a  calcium  chloride  tube,  were  placed  1.8  g  farnesol,  10  ml  an¬ 
hydrous  benzene  and  10  ml  dry  pyridine.  Addition  was  made,  with  ice  cooling  and  stirring,  of  a  solution  of 
0.64  g  acetyl  chloride  in  5  ml  anhydrous  benzene.  The  reaction  mass  was  stirred  for  8  hours  (ice  cooling)  and 
then  decomposed  with  crushed  ice.  The  upper  layer  was  collected  and  the  lower  layer  extracted  with  benzene. 
The  benzene  extracts  were  added  to  the  collected  layer  and  the  mixture  washed  with  l*7o  sulfuric  acid  and  with 
saturated  aqueous  sodium  bicarbonate  solution.  The  benzene  was  driven  off  and  the  residue  distilled  in  vacuum. 
Yield  1.5  g(70.1*7o). 

B.p.  105- lOr  (2  mm),  64®  0.9247,  n”  1.4770,  MR^  80.79;  Calcd.  80.96. 

Found  *70:  C  77.14;  H  10.68.  CiyHijO,  pj,  Calcd.  *7a:  C  77.21;  H  10.67. 

Farnesal  (XI).  1.33  g  farnesol,  100  ml  ligroine  (b.p.  60-80°)  and  10  g  activated  manganese  dioxide 
were  placed  in  a  bottle  with  a  ground-glass  stopper.  The  mixture  was  shaken  4  hours.  The  precipitate  of 
manganese  dioxide  was  filtered  and  washed  several  times  on  the  filter  with  ligroine.  The  filtrate  was  dried 
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with  calcined  sodium  sulfate,  the  solvent  was  driven  off  and  the  residue  distilled  in  vacuum.  Yield  0.8  g 
(62.1%).  Faintly  colored  liquid  with  a  pleasant  floral  odor. 

B.p.  105-106*  (3  mm).  4®  0.8999,  n^j  1.4871.  MRp  70.46;  Calcd.  70.08. 

Found  %:  C  81.49;  H  11.11.  Calcd.  %:  C  81.77;  H  10.97. 

Semicarbazone:  m.p.  136- 13T. 

SUMMARY 

1.  The  complete  synthesis  of  farnesol  was  accomplished. 

2.  Farnesol  was  oxidized  to  farnesal. 

3.  A  new  synthesis  of  linalool  was  described. 
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ACONITE  ALKALOIDS 
V.  THE  STRUCTURE  OF  THE  CARBON  SKELETON  OF  ZONGORINE 

A.  D,  Kuzovkov 


The  aminoketone  oxoaconitane  was  previously  prepared  [1]  from  zongorine  by  substitution  by  hydro¬ 
gen  of  the  two  hydroxyl  groups  and  reductiort  of  the  double  bond  of  zongorine:  this  ketone  was  transformed  into 
an  oxygen-free  compound  -  aconitane  -  by  reduction  oftheketo  group  and  substitution  by  hydrogen  of  the 
resultant  hydroxyl. 

Continuing  the  investigation,  we  have  studied  the  Hofmann  degradation  of  aconitane.  Decomposition 
of  aconitane  methoiodide  gave  des-N-methylaconitane.  Cleavage  of  des-N-methylaconitane  methoiodide 
might  have  been  expected  to  give  a  nitrogen-free  substance  since  the  single  nitrogen  atom  of  aconitane  has 
a  tertiary  character,  is  located  in  the  ring  and  is  linked  to  an  N-alkyl  group.  Instead,  however,  des-N-methyl- 
aconitane  was  obtained.  This  result  leads  to  the  hypothesis  that  a  quaternary  carbon  atom  is  present  in  aconitane 
and  zongorine  in  the  0 -position  to  the  nitrogen;  this  would  account  for  the  impossibility  of  cleavage  of  the  amino 
group  during  Hofmann  degradation  of  des-N-methylaconitane  methoiodide.  For  confirmation  of  this  hypothesis, 
the  N-alkyl  group  of  oxoaconitane  was  substituted  by  hydrogen  and  the  dehydrogenation  with  palladized  carbon 
of  the  resultant  secondary  amine  was  studied.  In  presence  of  a  quaternary  carbon  atom  in  the  heterocycle, 
aromatization  of  the  latter  ought  not  to  be  realizable  under  relatively  mild  conditions.  In  fact,  at  250-300' 
the  evolution  of  hydrogen  was  not  observed.  This  not  only  confirms  the  hypothesis  of  the  presence  of  a  quaternary 
carbon  in  the  heterocycle  of  zongorine,  but  -  if  we  take  into  consideration  N.  D.  Zelinsky’s  discovery  [2]  of  the 
stability  to  dehydrogenating  catalysis  of  derivatives  of  cyclohexane  containing  quaternary  carbon  atoms  in  the 
rings  -  it  also  indicates  the  presence  of  quaternary  carbon  atoms  in  all  the  six-membered  carbon  rings  of  the 
molecules  of  oxoaconitane  and  zongorine. 

For  elucidation  of  the  nature  of  the  carbon  skeleton  of  zongorine,  the  latter  was  subjected  to  selenium 
dehydrogenation  at  320-340'.  From  the  products  of  reaction  could  be  isolated  an  aromatic  hydrocarbon  (I) 
whose  composition  approaches  most  closely  to  the  formula  CigHjg.  The  ultraviolet  absorption  spectrum  of  (I) 

(in  alcohol)  is  similar  to  the  spectra  of  trisubstituted  alkylphenanthrenes  which  are  differentiated  from  the  motic- 
and  dialkylderivatives  by  a  shift  of  the  absorption  bands  toward  the  long-wave  region  and  by  smoothing  and  dis¬ 
appearance  of  some  bands  in  the  320-350  mji  region  [3]. 

In  the  table  are  presented  the  positions  of  the  absorption  maxima  (magnitudes  of  •'incl  also  the  iiitcn 

sities  of  absorption  (magnitudes  of  log  e)  of  the  spectra  of  (I),  1,2,7-and  1,2,8-trimethylphenanthrenes  [3].  It  is 
readily  seen  that  the  spectrum  of  (I)  differs  from  the  spectra  of  1,  2,  7  -  and  1,2,8-trimethylphenan¬ 
threnes  to  no  greater  extent  than  the  spectra  of  the  two  latter  substances  differ  from  one  another.  Such  a  simi¬ 
larity  is  convincing  evidence  that  (I)  is  a  phenathrene  hydrocarbon  apparently  containing  three  alkyl  groups. 

TABLE 


Hydrocarbon  from  J 

f 

X 

.  max. 

Ig  € 

260 

282 

292 

304 

322 

334 

346 

- 

zongorine  ] 

1 

4.74 

4.13 

4.02 

4.08 

2.51 

2.50 

2.28 

— 

1,2,7-Trimethyl-  1 

\ 

X 

,  max. 

Ig  € 

260 

283 

291 

302 

322 

337 

- 

353 

phenanthrene  | 

[ 

4.82 

4.18 

4.08 

4.10 

2.60 

2.71 

- 

2.60 

1,^8-Trimethyl- 

f 

X 

,  max. 

Ig  € 

261 

283 

295 

307 

323 

339 

347 

354 

phenanthrene 

1 

4.77 

4.07 

4.08 

4.19 

2.62 

2.54 

2.30 

2.18 

A  comparison  of  the  properties  of  (1)  with  those  of  known  phenanthrene  hydrocarbons  reveals  the  simi- 
)  larity  between  the  constants  of  (I)  and  its  complex  compounds  with  those  of  l-ethyl-2-methylphenanthrene. 
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However,  a  direct  comparison  of  (I)  with  l-ethyl-2-methylphenanthrene  prepared  by  us  by  the  known  method 
[4]  pointed  to  a  difference  between  the  two  substances. 

Out  of  the  number  of  hydrocarbons  isolated  up  to  now  by  dehydrogenation  of  aconite  alkaloids,  (I) 
most  resembles  the  hydrocarbon  of  unknown  structure  from  napelline  [5]  (CigHig,  m.p.  76-79":  picrate  m.p. 
132-134";  complex  with  trinitrobenzene  m.p.  150-153"). 

On  the  basis  of  the  investigations  it  can  be  concluded  that  part  of  the  hydrocarbon  skeleton  of  zon- 
gorine  is  the  hydrogenated  nucleus  of  phenanthrene  containing  quaternary  carbon  atoms  in  all  three  rings;  the 
nitrogen  atom  is  In  the  0  -position  to  a  quaternary  carbon  atom.  Some  of  these  properties  of  zongorine  are 
evidently  also  common  to  other  alkaloids  of  the  atisine  group;  as  we  know,  the  method  of  dehydrogenation 
with  selenium  has  been  applied  to  the  study  of  atisine,  hetisine,  napelline  and  staphysine;  in  all  these  cases 
phenanthrene  hydrocarbons  were  obtained  (phenanthrene,  1,7-dimethylphenanthrene,  l-methyl-6-ethyl- 
phenanthrene  and  l,3-dimethyl-7-isopropylphenanthrene).  It  has  been  suggested  [6]  that  atisine  contains  a 
quaternary  carbon  atom  in  the  heterocycle  on  the  basis  of  the  observation  that  the  heterocyclic  ring  is  not 
aromatized  on  dehydrogenation  of  atisine  with  selenium. 

EXPERIMENTAL 

Aconitane  metfaoiodide.  0.75  g  aconitane  in  20  ml  methanol  was  boiled  12  hours  with  5  ml  methyl 
iodide,  with  addition  each  2  hours  of  methyl  alcoholic  alkali  to  give  a  weakly  alkaline  reaction  (to  phenol- 
phthalein).  The  aconitane  methoiodide  was  extracted  with  chloroform  from  the  dry  residue  after  removal  of 
the  CH3OH  and  CH|I.  Yield  0.95  g,  m.p.  244"  (from  a  mixture  of  alcohol  and  ether).  Ether  did  not  extract 
any  bases  from  the  aqueous  solution  after  making  alkaline  (test  for  absence  of  hydroiodide). 

Found  <7o:  I  27.86.  CaHj,NI.  Calcd.  I  28.82. 

Des-N-methylaconitane.  0.9  g  aconitane  methoiodide  and  45  ml  30%  methyl  alcoholic  potassium 
hydroxide  were  boiled  2  hours  under  reflux.  After  evaporation,  addition  of  water  to  the  residue  and  extraction 
with  ether,  the  des-N-methylaconitane  was  obtained  in  a  yield  of  0.5  g,  m.p.  109—110*  (from  acetone).  Hy¬ 
drochloride  of  des-N-methylaconitane,  m.p.  266-267*  (from  a  mixture  of  alcohol  and  ether). 

Found  %:  C  84.74;  H  11.01;  N  4.46.  CjjHjsN.  Calcd.  %:  C  84.28;  H  11.25;  N  4.47. 

Des-N-methylaconitane  methoiodide.  The  reaction  was  effected  under  the  same  conditions  as  for 
aconitane  methoiodide.  From  0.4  g  des-N-methylaconitane  was  obtained  0.35  g  methoiodide,  m.p.  257—258* 
(from  a  mixture  of  alcohol  and  ether);  after  its  aqueous  solution  had  been  made  alkaline,  no  bases  were  ex¬ 
tracted  with  ether. 

0.3  g  des-N-methylaconitane  methoiodide  was  boiled  2  hours  with  15  ml  30%  methyl  alcoholic 
potassium  hydroxide.  The  sole  product  of  the  reaction  was  a  base  with  m.p.  110  —  111®  (0.2  g),  which  did  not 
give  a  depression  with  des-N-methylaconitane. 

Noroxoaconitane.  4.2  g  oxoaconiune  and  1.8  g  cyanogen  bromide  were  heated  1  hour  in  a  sealed 
tube  at  100";  ether  extraction  of  the  products  of  reaction  gave  4  g  faintly  colored  liquid  cyanamide,  insoluble 
in  acids  and  alkalies.  The  cyanamide  was  heated  6  hours  with  40  ml  30%  alcoholic  potassium  hydroxide;  the 
residue  after  distillation  of  the  alcohol  was  dissolved  in  water;  the  solution  was  acidified  with  20%  hydrochloric 
acid  and  repeatedly  extracted  with  ether.  After  drying  and  evaporation  of  the  ether  extract  to  a  small  volume, 
2.4  g  crystalline  substance  with  m.p.  245  -  246"  (from  alcohol)  was  obtained;  judging  by  its  analysis  this  was  the 
product  of  incomplete  hydrolysis  of  the  cyanamide. 

Found  %:  C  73.44;  H  8.63;  N  8.24.  C„H„OiNi.  Calcd.  %:  C  74.09;  H  8.29;  N  8.23. 

2.1  g  substance  with  m.p.  245  -  246"  and  150  ml  30%  1^504  were  refluxed;  then  from  a  dropping 
funnel  was  slowly  added  a  solution  of  0.9  g  NaNOj  in  20  ml  HjO.  After  cooling,  the  solution  was  made 
alkaline  with  concentrated  aqueous  ammonia  and  extracted  with  ether.  There  was  obtained  1.2  g  noroxoaco¬ 
nitane,  b.p.  180  —  190*  (1  mm),  m.p.  125-127",  sublimes  at  120"  (0.1  mm). 

Found  %:  C  80.64;  H  9.61;  N  4.57.  C19H2PN.  Calcd.  %:  C  79.96;  H  9.51;  N  4.91. 

Noroxoaconitane  hydrochlori de,  m.p.  257-258"  (from  a  mixture  of  alcohol  and  ether).  Benzoyl- 
noroxoaconitane.  0.6  g  noroxoaconitane,  0.6  g  benzoyl  chloride  and  10  ml  anhydrous  pyridine  were  boiled 
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2  hours,  the  pyridine  was  driven  off  in  vacuum,  and  the  dry  residue  was  extracted  with  ether.  The  ethereal 
solution  was  extracted  successively  with  lO'^oHCl,  lO^^o  NaOH  and  water,  then  dried  and  evaporated  to  a  small 
volume  to  give  0.5  g  benzoylnoroxoaconitane,  m.p.  164—165.5°  (from  a  mixture  of  ether  and  acetone).  The 
compound  is  insoluble  in  acids  and  alkalies. 

Found  <7o:C80.44;  H  8.57;  N  3.49.  Csj^H^AN.  Calcd.  C  79.56;  H  8.28;  N  3.71. 

Dehydrogenation  of  zongorine  with  selenium.  14  g  zongorine  and  14  g  selenium  were  heated  in  a 
nitrogen  atmosphere  for  8  hours  at  320-340‘.  A  benzene  exnact  of  the  reaction  mass  was  obtained  and  puri¬ 
fied  by  shaking  with  lQ°]o  H2SO4,  5%  NaOH  and  water;  it  was  then  evaporated  to  give  6  g  resiirous  residue; 
part  of  this  residue  was  soluble  in  ligroine  (4  g)  and  was  chromatogrammed  on  150  g  Al^O^  from  ligroine 
(b.p.  60—80°);  on  washing  with  the  same  solvent;  a  moving  zone  fluorescing  strongly  in  ultraviolet  light  was 
observed.  When  this  zone  approached  the  bottom  of  the  column,  the  washing  was  stopped,  the  descending 
solvent  was  removed  by  a  weak  vacuum.  The  lower,  fluorescing  part  of  the  sorbate  was  separated  and  eluted 
with  ether  to  give  about  1  g  yellowish  oil  from  which  was  obtained  a  picrate,  weight  0.8  g  after  crystalliza¬ 
tion  from  alcohol,  m.p.  125- 126'.  On  passing  the  ethereal  solution  of  the  picrate  through  AljO^  and  evapo¬ 
rating  the  eluate,  0.4  g  hydrocarbon  was  obtained.  It  was  again  chromatogrammed  on  150  ml  Al^O^j  from  a 
mixture  of  ligroine  and  benzene  (10:1);  washing  was  effected  with  the  same  solvent.  The  fluorescent  zone  of 
the  column  was  divided  into  4  parts;  the  two  middle  parts  (washed  out  with  ether)  gave  a  crystalline  hydrocar¬ 
bon  (0.12  g);  after  the  fifth  crystallization  from  methanol  it  formed  colorless  needles  with  m.p.  80.5-81.5°; 
this  melting  point  did  not  change  after  a  sixth  crystallization. 

Found  %  C  92.85,  92.52;  H  7.64,  7.92.  Calcd.  %  C  92.27;  H  7.74. 

To  a  warm  alcoholic  solution  of  10  mg  of  the  hydrocarbon  (m.p.  78.5-79.5°)  was  added  10  mg  picric 
acid;  about  20  mg  picrate  was  obtained;  after  drystallization  from  alcohol  the  m.p,  was  134-134.5°;  vivid 
orange  needles;  no  change  in  melting  point  after  recrystallization. 

Found  C  62.35,  62.18;  H  4.55,  4.65:  CjgHia  •  C^HgOyNs.  Calcd.  C  62.20;  H  4.57. 

5  mg  hydrocarbon  (m.p.  80.5-81°)  and  5  mg  styphnic  acid  were  dissolved  in  alcohol  by  heating;  on 
cooling  a  styphnate  with  m.p,  152—153°  came  down;  no  change  in  m.p.  on  recrystallization. 

7  mg  hydrocarbon  (m.p.  78.5-79.5°)  and  7  mg  trinitrobenzene  were  dissolved  in  alcohol  by  heating: 
a  substance  with  m.p.  154.5  —  155.5°  came  down  on  cooling:  after  recrystallization  from  alcohol  the  m.p.  was 
155-156°. 


SUMMARY 

A  study  was  made  of  the  Hofmann  degradation  of  aconitane,  of  the  dehydrogenation  with  palladium 
of  the  prepared  (for  the  first  time)  noroxoaconitane,  and  of  the  dehydrogenation  of  zongorine  with  selenium. 

The  hypothesis  was  advanced  that  part  of  the  carbon  skeleton  of  zongorine  is  the  hydrogenated  nucleus 
of  phenanthrene  containing  quaternary  carbon  atoms  in  all  the  rings;  the  nitrogen  atom  is  in  the  d -position  to 
a  quaternary  carbon  atom. 
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ALKALOIDS  OF  THE  SPECIES  HAPLOPHYLLUM  A.  JUSS.  II 


S.  Tu.  Yunusov  and  G.  P.  Sidyakin 


The  preceding  paper  [1]  lepoited  an  investigation  of  the  varieties  of  Haplophyllum  A.  Juss,  (family 
of  the  Rutaceae)  growing  in  Central  Asia.  A  study  was  made  of  the  qualitative  and  quantitative  changes  of  the  ala 
alkaloids  in  various  organs  of  the  plants  of  this  species  in  dependence  on  the  locality  of  growth  and  the  period 
of  vegetation  [2].* 

The  alkaloid  haplophine  C^jHuOjiN,  that  we  isolated  from  H.  pedicellatum,  has  m.p.  140-141“  and 
contains  two  methoxyl  groupsi  its  formula  may  therefore  be  written:  CiiHtONfOCHs)^.  This  is  reminiscent  of 
the  alkaloid  y-fagarine  (4,8-dimethoxy-2,3-furanoquinoline),  isolated  from  the  leaves  of  the  Argentine  plant 
Fagara  Coco  (family  of  the  Rutaecae)  [3-5]. 

Not  having  at  out  disposal  a  sample  of  y-fagarine  for  direct  comparison,  we  carried  out  with  haplophine 
a  series  of  reactions  general  for  futanoquinolinic  alkaloids  [6,  7]. 

On  heating  the  base  with  methyl  iodide  in  a  sealed  tube  to  100“,  an  iso  compound  is  formed  with  m.p. 
176- 177“  which  contains  one  methoxyl  group  less  than  the  original  base.  Oxidation  of  haplophine  with  potass¬ 
ium  permanganate  gives  an  aldehyde  with  the  composition  C5H40N(OCHs)jCHO  with  m.p.  186- 18T  and  an 
acid  wiA  the  composition  C,»H40N(0CHj)gC00H  with  m.p.  215—216“.  Heating  of  the  acid  with  30‘yo  hydro¬ 
chloric  acid  causes  decarboxylation  and  demethylation  at  the  expense  of  one  methoxyl  group  with  formation 
of  a  compound  C^HjC^NfOCHs),  m.p.  250-251“.  By  subjecting  the  product  to  further  oxidation  with  potassium 
permanganate  in  an  aqueous  medium,  we  succeeded  in  isolating  an  acid  with  the  composition  CjHjlNF^XOCHs) 
CCXDH  with  m.p.  162-163“,  which  was  identified  as  3-methoxyanthranilic  acid. 

A  comparison  of  the  melting  points  of  the  products  of  breakdown  of  haplophine  with  the  corresponding 
products  of  y-fagarine  readily  shows  their  identity  (Table  1);  the  name  of  "y-fagarine"  must  therefore  be  re¬ 
tained  for  our  base. 


TABLE  1 

Melting  points  of  haplophine,  y-fagarine  and  their 
breakdown  products _ _ 


Substance 

Haplophine 

y-Fagarine 

Base 

140-141“ 

139-140“ 

Iso  compound 

176-177 

179 

Aldehyde 

186-187 

185 

Acid 

215-216 

215 

Product  of  de¬ 
carboxylation 

250-251 

250 

In  the  same  way  supplementary  confirmation 
was  obtained  about  the  alkaloid  skimmianine  [1,  8] 
isolated  by  us  from  several  varieties  of  Haplophyllum. 

The  next  subject  of  our  investigations  was  the 
perennial  Haplophyllum  dubium  Eug.  Kor.  [9].  This 
plant  was  gathered  in  the  vicinity  of  the  village  of 
Gazarak  in  the  Sary-  Assiya  region  of  the  Surkhand- 
arinsk  oblast  of  Uzbekistan.  Collection  was  made 
during  the  budding  stage  and  at  the  start  of  flowering 
of  the  plant  (9th  to  16th  June), 


Isolation  of  the  alkaloids  from  the  leaves  in 

admixtures  with  some  fine  stalks,  buds  and  flowers  was  effected  by  extraction  with  dichloroethane.  The  acid 
solution  was  made  alkaline  with  gaseous  ammonia  and  the  alkaloids  were  extracted  with  ether  and  then  with 
chloroform. 


From  the  ethereal  extract  was  obtained  a  crystalline  base  to  which  we  gave  the  name  of  dubinine. 
This  has  the  composition  and  gives  a  crystalline  methoiodide,  nitrate  and  hydrochloride,  Dubinine 

does  not  contain  an  N-alkyl  group;  one  atom  of  oxygen  is  in  the  form  of  methoxyl,  a  second  in  the  form  of 
hydroxyl:  two  atoms  are  in  the  form  of  a  methylenedioxy  group.  The  remaining  oxygen  atom  is  indifferent 
in  character.  The  formula  of  dubinine  must  accordingly  be  :  C](4HjjON(OC‘HjXOHXCHjC^). 

•  All  the  plants  that  were  chemically  studied  by  us  were  collected  and  studied  botanically  by  a  special  ex¬ 
pedition  led  by  E.  E.  Korotkova. 
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Treatment^with  methanol  of  the  mixture  of  alkaloids  of  the  chloroform  extract  gave  an  additional 
amount  of  dubinine.  The  total  yield  of  dubinine  was  0.06%  of  the  dry  weight  of  the  leaves. 

The  alkaloids  remaining  in  the  mother  liquor  form  a  yellow  crystalline  mixture  of  hydrochlorides 
widi  dilute  hydrochloric  acid.  These  were  converted  to  the  bases  from  which,  exploiting  the  differing  solu¬ 
bility  in  ligroine,  could  be  isolated  two  more  alkaloids.  We  named  one  of  these  (colorless)  dubinidine,  and 
the  other  (light-yellow)  dubamine. 

Dubinidine  forms  a  crystalline  methoiodide,  hydrochloride,  nitrate  and  picrate.  Elementary  analysis 
leads  to  die  formula  CUH11O4N:  since  a  methoxyl  group  andamethyienedioxy  group  are  present,  the  formula 
may  be  written:  CuH]20N(0CH|XCH^C)k).  The  fourth  oxygen  has  an  indifferent  character. 

Widi  aqueous  and  alcoholic  hydrochloric  acid,  dubamine  gives  a  yellow  hydrochloride;  with  nitric 
acid  it  gives  a  yellow  nitrate.  The  only  substituent  group  in  dubamine  is  the  methylenedioxy  group.  The 
elementary  composition  corresponds  to  the  formula  Ci4H«(\N  or  to  the  more  detailed  formula:  CisH7N(C1^0jt). 

If  we  imagine  the  latter  to  have  two  hydrogen  atoms  in  place  of  the  methylenedioxy  group,  we  have  acridine 
Cj^HyN.  Consequently  it  may  be  suggested  that  dubamine  is  methylenedioxyacridine. 

For  confirmation  of  this  hypothesis,  the  methylenedioxy  ring  in  the  dubamine  molecule  was  opened 
by  the  action  of  phloroglucinol  and  concentrated  hydrochloric  acid  in  a  sealed  tube  [10].  In  this  way  dubamine 
was  completely  transformed  into  a  phenolic  substance  with  m.p.  212—214”  (II).  Treatment  of  this  phenol  with 
diazomethane  gave  an  ether  with  m.p.  187-188*  (III);  the  picrate  of  the  latter  has  m.p.  216-218*. 

The  above  constants  agree  with  the  constants  reported  in  the  literature  for  the  dimethyl  ether  of 
3, 4- dihydroxy  acridine  and  its  picrate  [11].  Since  in  our  case  the  substances  were  obtained  by  opening  of  the  methyl¬ 
enedioxy  ring,  we  can  assume  with  a  high  degree  of  probability  that  dubamine  has  the  structure  of  3,4-methyl- 
enedioxyacridine  (1): 


As  a  supplement  to  the  above  facts,  we  present  in  Table  2  data  fro  the  contents  of  alkaloids  in  the 
varieties  of  Haplophyllum  that  we  studied.  Determinations  were  carried  out  by  the  method  of  continuous  ex¬ 
traction  of  the  alkaloids  with  chlorohom  followed  by  extraction  with  sulfuric  acid.  The  aqueous  solution  was 
made  alkaline  with  ammonia  and  the  alkaloids  were  extracted  with  chloroform;  the  latter  was  distilled  off  to 
leave  the  total  bases. 

The  data  submitted  in  Table  2  for  eleven  varieties  of  Haplophyllum  indicate  that  the  alkaloids  are 
mainly  in  the  leaves  during  the  flowering  period. 

Attention  is  merited  by  the  shrub  Haplophyllum  foliosum  Vved.,  containing  2%  alkaloids  in  the  leaves. 
From  the  total  bases  of  this  plant  we  were  able  to  isolate  two  pure  alkaloids.  One  of  them  was  skimmianine, 
the  other  dubinidine.  Consequently  this  is  the  fourth  variety  of  Haplophyllum  containing  skimmianine,  and  the 
second  variety  containing  dubinidine  (Table  3). 

EXPERIMENTAL 

1.  Isolation  of  total  alkaloids  from  Haplophyllum  dubium.  40  kg  air -dry,  pulverized  leaves  with  ad¬ 
mixture  of  some  fine  stalks,  buds  and  flowers  was  wetted  with  8%  ammonia  solution  and  percolated  with  di- 
chloroethane.  The  alkaloids  were  extracted  from  the  dichloroethane  extract  with  10%  sulfuric  acid.  After 
making  alkaline  with  ammonia,  the  aqueous  solution  was  shaken  with  ether  and  then  with  chloroform.  From 
the  ether  extract  was  obtained  25  g,  and  from  the  chloroform  extract  60  g  of  total  alkaloids  (0.21%). 
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2.  Dubinine.  The  crystalline  residue  from  the  ether  extract  was  recrystallized  5  times  from  methyl 
alcohol  (1:5)  and  then  from  ethyl  alcohol  (1;15).*  The  colorless  crystals  (small  needles)  of  dubinine  had 
m.p.  185-186°.  Yield  20  g,  Dubinine  is  soluble  in  acetone  and  pyridine;  it  is  insoluble  in  ligroine,  water 
and  alkalies. 

[a]  J^-73.T  (c  0.864;  acetone). 

Found  %:  C  63.15,  63.48;  H  5.93,  6.19;  N  4.55,  4.62;  OH  5.28,  5.87  (Tserevitinov);  CHjO  10.46, 

10.15.  ChHitO^N.  Calcd.  <7o:  C  63.35;  H  5.64;  N  4.61;  OH  5.6;  GHjO  10.22. 

Nitrate.  To  a  solution  of  1  g  base  in  5  ml  chloroform  was  added  dropwise  a  solution  of  3  drops  con¬ 
centrated  nitric  acid  in  5  ml  chloroform  until  the  reaction  was  acid  to  congo.  On  adding  ether  the  nitrate 
crystallizes  with  m.p.  123-124°.  Yield  1  g.  After  3  crystallizations  from  acetone  (1:15),  m.p.  148—150° 
(frothing). 

Found  %:  N  7.42,  7.79.  C^HjiAN  •  HNOj.  Calcd.  <5():  N  7.64. 

Hydrochloride.  6.5  g  base  was  mixed  with  10  ml  5%  hydrochloric  acid.  The  hydrochloride  was 
collected  and  washed  with  water.  Yield  7  g.  After  3  recrystallizations  from  water  (1:5),  m.p.  170  —  171°. 

Addition  of  5‘7o  ammonia  solution  to  an  aqueous  solution  of  the  hydrochloride  brings  down  the  original  base. 

Found  Cl  10.7,  10.3.  Ci,HiAN'HCl.  Calcd.  <7o:  Cl  10.43. 

Methoiodide.  A  mixture  of  0.5  g  base  with  1  ml  methyl  iodide  in  a  sealed  tube  was  heated  on  a 
boiling  water  bath  30  minutes.  At  first  the  substance  dissolved  and  later  crystallization  commenced.  On 
cooling,  the  entire  mass  crystallized.  The  tube  was  opened  and  the  residue  of  methyl  iodide  distilled  off. 

Yield  1  g.  The  methoiodide  crystallizes  from  methanol  (1:7),  m.p.  211-212°. 

Found  N  3.33,  3.27;  CHjO  6.96,  6.82;  I  28.33,  28.70.  CijHiPsN  •  CH,!.  Calcd.  %:  N  3.17;  CH3O 
6.96;  I  28.5. 

3.  Alkaloids  of  the  chloroform  extract.  Dubinidine.  60  g  alkaloid  mixture  of  the  chlorofrom  extract 
was  triturated  with  100  ml  methanol.  The  insoluble  dubinine  (3  g)  was  separated  and  the  solvent  was  completely 
distilled  off  from  the  mother  liquor.  To  the  residue  was  added  5%  hydrochloric  acid  until  the  reaction  was  acid 
to  Congo.  The  yellow,  crystalline  precipitate  of  hydrochlorides  was  filtered  and  washed  with  cold  water.  Yield 
22  g.  The  mixture  of  hydrochlorides  was  dissolved  in  warm  water.  It  was  made  alkaline  with  ammonia.  The 
precipitated  bases  were  dried  and  boiled  with  ligroine  (5  times  with  100  ml  each  time).  The  insoluble  residue 
(12  g)  was  recrystallized  3  times  from  acetone  (1:100).  Colorless  needles  of  dubinidine  were  obtained  with 
m.p.  132—133°;  readily  soluble  in  ethyl  alcohol,  more  difficultly  soluble  in  chloroform  and  ether,  insoluble  in 
ligroine  and  water. 

Found  %:  C  61.88,  61.87;  H  6.49,  6.43;  N  5.40.  5.49;  CHgO  10.62,  10.21.  Ci3HiP4N.  Calcd.  <7o: 

C  62.15;  H  6.77;  N  5.58;  CH3O  12.3. 

Hydrochloride.  0.65  g  base  was  dissolved  in  3  ml  alcoholic  hydrochloric  acid.  On  cooling,  0.75  g 
dubinidine  hydrochloride  came  down  with  m.p.  194-195°.  After  recrystallization  from  water  (1:10)  m.p. 
195-196°.  Decomposition  of  the  hydrochloride  with  ammonia  regenerates  the  base. 

Nitrate.  To  a  solution  of  0.5  g  base  in  3  ml  alcohol  was  added  dropwise  concentrated  nitric  acid  un¬ 
til  the  reaction  was  acid  to  congo.  Ether  was  added  to  bring  down  the  crystals  of  nitrate.  The  latter  is  readily 
soluble  in  methanol,  alcohol  and  water.  After  3  recrystallizations  from  acetone  (1:140)  m.p.  176—177°. 

The  picrate  is  formed  by  mixing  an  ethereal  solution  of  0.1  g  base  with  an  ethereal  solution  of  0.12  g 
picric  acid.  After  recrystallization  from  alcohol  m.p.  155-156°. 

Methoiodide.  A  mixture  of  0.2  g  base  and  0.25  ml  methyl  iodide  in  a  sealed  tube  was  heated  on  a 
boiling  water  bath  3  hours.  After  the  tube  had  been  opened  the  residue  of  methyl  iodide  was  distilled  off,  and 
the  product  recrystallized  from  water.  M.p.  of  the  methoiodide  153-154°. 

Found  <7o:  CH3O  7.57,  7.57.  C13H1P4N  •  CHI.  Calcd.  <7o:  CH3O  7.88. 

*  The  residual  mother  liquor  was  combined  with  the  chloroform  extract. 
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TABLE  2 

Content  of  alkaloids  in  some  varieties  of  Haplophyllum  A.  Juss. 


Variety 

Region  where  collected 

Period  of  vegetation 

’’Jo  content  of  alkaloids 

in  the  leaves 

in  the  stalks 

r 

Before  budding 

0.1 

- 

H.  perforatum 

Kitab,  Uzbek  SSR  < 

Budding 

Flowering 

0.1 

0.4 

0.14 

0.1 

Fruit-bearing* 

1.2 

0.075 

H.  pedicellatum 

Kitab,  Uzbek  SSR  | 

Flowering 

Fruit- bearing 

0.3 

0.4 

— 

H.  dubium 

Sary-Assiya,  Uzbek 

SSR 

Flowering*  • 

0.23 

0.04 

H.  popovii 

Kurgan -Tyube, 

Tadzhik  SSR 

Flowering 

0.16 

■ 

H.  latifolium 

Brich-Mulla, 

Kazak  SSR 

Flowering 

0.2 

*~ 

H.  Bunge 

Termez,  Uzbek  SSR 

Flowering 

0.1 

0.04 

H.  robustum 

Kelif,  Uzbek  SSR 

Flowering 

0.2 

0.06 

H.  Alberti -Regelii 

Kugitang, 

Turkmenian  SSR 

Flowering 

0.07 

0.05 

H.  foliosum 

Stalinabad , 

Tadzhik  SSR 

Flowering 

2.0 

0.4 

H.  bucharicum 

Dekhkanabad, 

Flowering 

Whole  plant  0.11 

Uzbek  SSR 

H.  versicolor 

Guzar,  Uzbek  SSR 

Flowering 

Above-ground  part  0.011 

Dubamine.  The  ligroine  extract  was  concentrated  to  a  small  volume.  On  cooling,  yellow  crystals  of 
dubamine  came  down  with  m.p.  90—92*.  After  many  recrystallizations  from  ligroine  (1:5)  and  methanol  (1:4) 
m.p.  96-9T.  Dubamine  has  good  solubility  in  ether,  acetone  and  benzene;  it  is  less  soluble  in  alcohol,  and 
insoluble  in  water. 

Found  <7o:  C  75.03  ,  75.35;  H  4.88,  4.30;  N  5.86,  5.74.  C^HjCIjN.  Calcd.  C  75.33;  H  4.03;  N  6.27. 

Dubamine  hydrochloride  is  formed  by  the  action  of  5%  hydrochloric  acid  on  the  base.  Yellow  needles 
with  m.p.  201—202*  (from  water). 

Dubamine  nitrate  comes  down  when  concentrated  nitric  acid  is  added  to  an  alcoholic  solution  of  the 
base  until  the  reaction  is  acid  to  congo.  Yellow  needles  from  methanol,  m.p.  157—158*. 

4.  Saponification  of  the  methylenedioxy  group  of  dubamine.  Dihydroxyacridine.  0.6  g  dubamine 
hydrochloride  was  well  mixed  with  1  g  phloroglucinol  and  15  ml  hydrochloric  acid  (d  1.18).  The  mixture  was 
heated  in  a  sealed  tube  on  an  oil  bath  at  140—150®  for  4  hours.  With  progressive  heating  the  solution  turned 
red  and  deposited  an  orange  precipitate.  After  cooling,  the  mixture  was  diluted  with  50  ml  water  and  made 
alkaline  with  cone.  NHs;  the  base  was  then  extracted  with  chloroform.  After  driving  off  the  solvent,  0.5  g 
orange  base  of  phenolic  character  was  left,  m.p.  212—214*;  an  alcoholic  solution  of  the  latter  turned  daik-green 
with  ferric  chloride.  This  base  was  readily  soluble  in  acetone  and  ethyl  and  methyl  alcohols,  less  soluble  in 
ether  and  chloroform,  poorly  soluble  in  ligroine.  It  crystallizes  from  chloroform  (1:50). 

Dimethyl  ether.  A  solution  of  0.1  g  dihydroxyacridine  in  25  ml  anhydrous  ether  was  mixed  with  an 
ediereal  solution  of  diazomethane  prepared  from  2  g  methylurea.  After  3  days  the  solvent  was  distilled  off. 

The  residual  yellow  oil  was  dissolved  in  3  ml  alcohol,  and  to  the  solution  was  added  a  few  drops  of  water. 


•  In  the  seeds  1.6®7o,  in  the  roots  0.025‘7a. 

•  •  In  the  roots  0.04‘55>. 
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The  yellow  precipitate  of  the  dimethyl  ether  was  collected  and  washed  with  dilute  alcohol.  After  leciystal- 
lization  from  alcohol,  m.p.  188—189“. 

The  picrate  of  the  dimethyl  ether  was  formed  by  the  action  of  an  alcoholic  solution  of  picric  acid. 
M.p.  217-218“. 

SUMMARY 

1.  All  the  11  varieties  of  Haplophyllum  A.  Juss.  that  we  investigated  contain  alkaloids.  Apparently 
the  remaining  varieties  of  this  species  are  also  alkaloid-bearing. 

2.  It  was  demonstrated  that  haplophine,  isolated  from  Haplophyllum  pedicellatum  Bge.,  is  identical 
with  y-fagarine. 

3.  Three  alkaloids  were  isolated  from  the  leaves  of  Haplophyllum  dubium  Eug.  Koi.: 
dubinine  Ci,HiAN~Ci4HiiON(OCH3)  (OHXCl^Oi), 

dubinidine  Ci3Hij04N-CiiHj20N(0CHsXCI^0j)  and 
dubamine  Ci4HjOjN-CjjH7N(CHjO|). 

4.  The  structure  of  3,4-methylenedioxyacridine  is  considered  extremely  probable  for  dubamine. 

LITERATURE  CITED 

[1]  S.  Yu.  Yunusev  and  G.  P.  Sidyakin,  Proc.  Acad.  Sci.  USSR,  12,  15  (1950);  J.  Gen  Chem.,  22  1055 
(1952).  (T.p.  1103)* 

[2]  S.  Yu.  Yunusev,  Bull.  Acad.  Sci.  Uzbek  SSR,  4,  11(1948). 

[3]  G.  V.  Stuckert,  Chem.  Zcnu.,  1934,  1,  67. 

[4]  V.  Deulofeu,  R.  Labriola  and  J.  Lange,  J.  Am,  Chem.  Soc.,  64,  2326  (1942). 

[5]  B.  Berinzaghi,  A.  Maruzabal,  R.  Labriola  and  V.  Deulofeu,  J.  Org.  Chem.,  10,  181,  (1945). 

[6]  V.  Asahina,  T.  Ohtau.  and  M.  Inubuse,  Ber.,  63,  2045  (1930). 

[7]  V.  Asahina  and  M.  Inubuse,  Ber.,  63,  2052  (1930). 

[8]  J.  Honda,  Chern.  Zenir.,  1904,  II,  1511 

[9]  Flora  USSR,  XIV,  Publishing  House  of  the  Academy  of  Sciences  USSR,  200  (1949). 

[10]  Clowes  and  Tolens,  Ber.,  32,  2841  (1899):  Weber  and  Tolens,  Ann,  chim.,  299,  316  (1898). 

[11]  Diet.  Org.  Compounds,  1,  814(1949). 

Received  December  15,  1954  Institute  of  Chemistry  of  the  Academy 

of  Sciences  of  the  Uzbek  SSR 

•  T.p.  =  C.  B.  Translation  pagination. 


1964 


I 


